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PREFACE TO THE EIGHTH EDITION. 



The present volume has been carofuUy revised and 
extended, and much additional practical information 
given, which it ia hoped will be found acceptable ; at 
the same time it has been deemed necessary to re- 
model the work to aome extent, by subdividing it into 
two parts — a modification which will doubtless meet 
with approT^. 
AtnongBt the additions will bo io\ai4 a. S.esisri-^'y^iG. 



IV PREFACE. 

of an interesting method of increasing the conduc- 
tivity of nickel solutions^ communicated by M. Dcsmur 
to the Author^ which will, no doubt, be read with 
much interest by practical nickel-platers, who know 
what an indifferent conductor of electricity the nickel 
solution is. 

Old Chaelton, Kbnt. 
September^ 1882. 
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ELECTRO-METALLUEGY. 



PART I. 

PRACTICAL PROCESSES. 

INTRODUCTION. 

From a simple art almost accidentally discovered, 
tHe electro-deposition of metals has become a most 
extensive industry in this and other countries. In the 
earliest stage of the art, electrotyping was practised as 
a pleasing scientific recreation by the rising generation 
of intelligent youth, who delighted to amuse their 
friends and themselves by exhibiting the wonderful 
results which could be obtained, at a trifling cost, by 
means of a small galvanic arrangement called the 
" single-cell process." How eagerly the eye used to 
watch the progress of the beautiful deposit of metallic 
copper upon the' plumbagoed impression of some 
favourite seal ! And how delighted was the student 
when, on removing the metallic deposit from the 
sealing-wax impression, he discovered a perfect image 
of the original, as capable of giving a sharp and 
delicate impression as the original itself ! 

This great discovery was made in this country 
by Mr. 0. J. Jordan, of London, and. M.T, ^* ^^^^- 
cer, of Liverpool, and in Rus^a "b^ Yxole^^^ "S^^^v^ 
nearly at the same time ; so tkat t\ie ct^^y\» ^^ *fi^*^ 
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discovery is equally due to each of them. But, as is 
frequently the case, it devolved upon others to turn 
the invention to great practical account, and as a 
matter of course, to a remunerative one also. 

So great was the interest felt in this country — nay, 
almost all over the civilised world, when this beautiful 
discovery was made known, that persons of every grade 
in life devoted their attention to it. The student, the 
mechanic, the artist, the nobleman and the chemist, 
with equal zeal, though with different views, deposited 
copper from its solution by electro-chemical agency. 
Every one had his set of electrotyping apparatus, and 
his bath of sulphate of copper. Even among the fair 
sex would be found many a skilful manipulator, and 
in such hands, how could the art fail to give beautiful 
results ! Everywhere this art was in vogue, and whilst 
it was being studied as an amusement by some, others 
were turning their attention to its commercial value, 
with a view to making it subservient to the useful 
purposes of life. So that in a very short time this 
country was well stocked with a new class of com- 
petitors — electrotypists, electro-gilders, and platers. 
Since then, electro-brassing, and more recently nickel 
plating have added to the list. 

Upwards of forty years having passed away since 
the introduction of the electro-metallurgical art, it is 
not to be wondered at that it has ceased to enjoy the 
popularity which at one time, as we have said, placed 
it in the hands of all as a fashionable recreation. The 
interest which attaches to the art, however, is sure 
to win for it devotees in succeeding generations, who 
//? the/r turn will doubtless witTo. ec^al interest 
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seek to know the uses of tlie electric current In 
the deposition of metals upon each other. To aid this 
class of rising experimentalists, is now our pleasing 
task. 

To those who desire to practise the arts of electro- 
gilding, plating, &c., with a view to applying the same 
to commercial purposes, it is hoped that the present 
work will prove of service, since it is the intention of 
the author to make it entirely of a practical nature, and 
as free as possible from technical expressions. 

Having had considerable experience in the electro- 
deposition of metals on a very extensive scale, dating 
from the initiation of the art, during which period many 
thousands of ounces of the precious metals have been 
deposited by me ; and having paid great attention to 
the subject of electro- deposition generally, I have 
naturally met with many difficulties which careful ex- 
periment and perseverance have overcome. There- 
fore, in laying before my readers the result of my own 
practical experience, it is with the hope that they may 
prove useful to those who pursue the study of electro- 
deposition, either for instructive amusement or profit. 

It has been my aim to furnish the reader with such 
processes as have been found most successful, whilst 
new processes which have been introduced from time 
to time have been also considered, so as to render the 
work as far as possible a complete book of reference. 

The reader's attention is specially directed to the 
Practical Notes (p. 125), wherein, it is hoped, he will 
find much useful practical information. 

To render myself as intelligible to the ^otkix!^?^ 
electro-plater and tJie amateur, aa to \Jaft TJ\»t^ ^^\&\:ir 
iJ£c reader, I will fully explain t\i.o nia^m^^ ^^ «»:^ 
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technical terms which may necessarily occur in the 
way, so that he may not fall into errors which too 
frequently — more especially in a chemical art — retard 
.'Ihe progress of study. 

In depositing metals from their solutions, many 
forms of galvanic battery are employed. Among those 
most commonly known are DanielFs^ Smee's, Wollas- 
ton's and Bunsen's. The first of these, DanielFs bat- 
tery, has been almost abandoned, owing to the trouble 
which it involves to keep it in good working order. The 
second, Smee's battery, although far from economical, 
and somewhat uncertain in its action, is still employed 
by some, owing to the great intensity of the current 
which it produces (a quality of but little service to the 
electro-plater when the quantity is deficient, as we will 
presently explain). The third, WoUaston's battery, by 
far superior to the latter for electro-metallurgical 
purposes, as it yields a great quantity of electricity of 
moderate tension, is also frequently employed, or 
rather modifications of the same arrangement, which 
are fitted up with but little trouble and expense ; whilst 
Bunsen's battery is only capable of being employed 
in depositing those metals which require a current of 
great intensity, as well as quantity: for instance, brass, 
bronze, German silver, zinc, nickel, and a few other 
metals. 

It must be borne in mind, that in order to ensure 

a perfectly smooth, equal, and reguline deposit on a 

metallic surface, the battery to be employed should yield 

a considerable quantity of electricity of sufficient intensify 

to work with activity and uniformity. A battery con- 

structed with a large surfaced positive and. Tie^g^tvvQ 

eleznenta- — as zinc and copper f or matauee — ^?ii^v^^ 
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a current of such feeble intensity i^i proportion to that 
quantity, that, when employed for the purposes of 
ekctro-deposition, the deposit takes place very slowly ; 
whilst a battery consisting of a great number of small 
plates or cells, alternately arranged, would not Ofofy 
deposit the metal in a granular or pulverulent form, 
but would actually decompose the solution itself. Con- 
sequently, in order to obtain a good reguline deposit 
of any metal, a battery should be employed whose 
positive and negative elements are in such relative 
proportion as to yield a current of quantity electricity 
possessing sufficient intensity to enable that quantity 
to work well. 

A form of battery which I have found most constant 
and certain in its action, I will describe further on, as 
also one which is much used in extensive operations 
where great power is required to deposit large quan- 
tities of metij^ as in the processes of electrotyping and 
electro-plating. 

Faraday employs the terms anode, anelectrode, or 
positive ekctrode, for the positive pole of the battery — 
i.e.y the wire which proceeds from the copper element in a 
battery ; and cathode, cathekdrode, or negative ekctrode, 
for the negative pole — that which proceeds from the 
zinc element. Professor Daniell, however, objecting to 
the terms anode and cathode^ proposed the adoption of 
zincode and platinode, to distinguish the positive and . 
negative poles ; but as the elements of a battery are 
not necessarily composed of zinc or platinum, and as, 
independently of the great weight which must always 
attach to any system propounded by M.x, Y^t^^'w:^/^ 
"would sound rather QiMnusical to s^e^ ^1 lead.od.e%> 
earionodesj or copperodes, when deactV\yvxv% 'Ofta ^vJvk^ ^ 
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a battery with an element of lead, carbon, or copper, 
I prefer adopting Faraday's nomenclature. 

The electricity generated in a cell passes from the 
zinc to the copper element of the battery, and from 
thence it proceeds along the wire issuing from the 
copper, traverses the solution, and returns to the cell 
through the wire which is attached to the zinc element, 
and so on. The zinc is the positive and the copper the 
negative element, but the end of the wire attached to 
zinc becomes the negative pole, whilst that proceeding 
from the copper becomes the positive pole. 

The anode, or positive pole, is that wire which is 
attached to the copper cylinder or plate of a battery ; 
and to this wire or pole is suspended, in close contact, 
the sheet or plate of metal which is destined to re- 
supply the solution with the amount of metal which it 
loses by the deposition which takes place on the 
cathode or article to be coated. 

The cathode, or negative pole, is the wire which 
issues from the zinc plate or bar of a battery, and it is 
this wire or pole, or any metallic surface which may be 
attached to it, which receives the deposit in the bath. 

Professor Faraday denominates the solution, whether 
it be of silver, gold, copper, or any other metal from 
which a deposit is to be obtained, the electrolyte. 

Quantity electricity, as I have already observed, is 
that kind of current which is produced when the 
battery is formed of large surfaces of the metallic 
element ; it is this species of electricity which is most 
useful for the purposes of electro-deposition. 

" Experience proves that, in general, the adherence 

of the oxides and of the metals gold, silver, copper, 

and lead on metals, is greater as the intensity of the 
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current is leas, within certiun well-known limits ; and 
as the solution is less concentrated." * 

IiUemity may be |;iYeii to the quantity already 
existing in a series of cells or plates, by increasing 
their number ; thus, by attaching the wire proceeding 
from the positive pole of one cell to the negative pole 
of another, and so on, until a compound battery is 
formed of alternate pairs. A battery thus constructed 
is well adapted to the purposes of electro-chemicaJ 
decomposition, or eleetrolisation, the electric light, the 
giving of shocks, and other powerful effects of elec- 
tricity j but, unless carefully applied, it would be 
highly injurious if devoted to electro-metBllurgical 
operations. 

An intensity current seldom lasts longer than a few 
hours, unless fresh exciting fluids be applied to the 
elements with which it is produced ; but a quantity 
current may continue to be developed &om a constant 
battery for months. I have known a constant battery 
continue in action for twelve months unthout any addi- 
tion whatever, at the end of which period it still gave 
considerable evidences of electrical action. 

The Battery.— A useful 
battery for email operations ia 
represented at Fig. 1. It con- 
sists of a cylindrical stone jar 
capable of holding about four 
gallons : inside this jar is fitted 
a cylinder of sheet copper, c, 
which may be ^nd of an inch 
in thickness. A strip of the ^'S' ^■ 

copper cylinder, b, about half an inch broad, is cut off 
• Becguorol, "ZLo Chemiat," ISUj^oVv^.^. KW. 
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to within one inch, to form the positive electrode ; the 
object in doing this is to ensure a perfect connection 
without the trouble of soldering. 

A. circular piece of wood forms a covering to the jar ; 
in the centre of which a hole about three inches in 
diameter is cut, so as to admit a porous cell to pass 
through it. The porous cell should be at least two 

inches higher than 
"1 the stone jar. A 




zinc bar, e, (Fig. 2) 
is cast with a long 
Fig. 2. and tolerably thick 

copper wire in it, one end of which has been previously- 
coiled into a helix, so as to form a spring, to prevent 
the wire from breaking ofE at its junction with the 
zinc bar. The porous cell is to be nearly filled with a 
concentrated solution of common salt, to which a few 
drops of hydrochloric acid may be added, or if the zinc 
bar be amalgamated (see page 140) dilute sulphuric 
acid must be used as the exciting fluid. The outer cell 
or jar is to be nearly filled with water acidulated with 
sidphuric acid (about one part acid to twenty parts 
water), to which about one ounce of nitric acid may 
be added. This battery will be found useful for small 
gilding and plating operations, and for electrotyping 
on a small scale, p and n (Fig. 1) signify positive and 
negative. 

A series of these cells, arranged for quantity, as 
described at page 141, will form a very useful com- 
pound battery for electrotyping, silvering, or gilding. 

In the above form of battery several advantages 
present themselves ; its action is constant, there is but 
little local action, and consequently but little waste ; 
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its current is regular^ and it is very economical in its 
construction and inexpensive in use. 

A compound battery thus constructed will give most 
powerful eflFects when a number of cells are used, and 
it will continue to give these eflFects for a greater 
length of time than any battery with which 1 am 
acquainted. 

In a single cell of this battery, a considerable quantity 
of electricity is disengaged, of suflBcient intensity for 
small operations, such as gilding and so forth. When it 
is desired to deposit a large quantity of metal in a given 
time, several of these cells alternated, that is, having 
the zinc wire of one cell united to the copper cylinder 
of the next, and so on, may be employed, by which 
arrangement a vast amount of metal may be deposited 
in a short time, when the solution is in good working 
condition. But it is preferable to unite all the copper 
wires and the zinc wires, by which arrangement the 
intensity is not increased. 

In working with a Smee's battery in the large way, 
the rapid consumption of the zinc plates, the furious 
local action and oflfensive evolution of hydrogen gas 
which it 13 susceptible of, and the trouble and expense 
of amalgamating the plates, are among the many dis- 
advantages which this battery exhibits to the practical 
electro-metallurgist ; added to which, the current which 
proceeds from it is far too intense and fluctuating to 
enable us to obtain a smooth and reguline deposit. 
But for many experimental purposes this is one of the 
most convenient and ingenious batteries known, and 
Mr. Smee deserves the highest credit for its intro- 
duction, as its great popularity will testify. 

Wollaston^s battery, were it not for the tto^Wa ^sA 



A 
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difficulty of replacing the zinc plates when they are 
consumed, and the constant application of exciting 
material which it requires, would be admirably suited 

to electro-metallurgical opera- 
tions. A useful modification of 
Wollaston's battery, however, is 
. now much in use. It consists of a 
cylindrical stone jar, a, capable of 
holding about ten gallons; two 
pieces of sheet copper are fixed 
upon a wooden support, n. A 
plate of amalgamated zinc, c, is placed in a groove cut in 
the wooden bar or support between the copper plates. 
A binding screw is soldered to the copper plates, b A, 
which are united by strips of copper, soldered to them, 
and a binding screw is to be fastened to the zinc plate. 
The jar is to be filled with sulphuric acid one part, water 
fifteen parts. The zinc must be well amalgamated. 

Since the introduction of the dynamo-electric machine 
(see page 87), the battery, for large operations, has to a 
great extent been superseded ; and there is no doubt 
that ere long dynamo-electricity will be the chief if 
not the only source from which the current will be 
obtained for extensive electro-deposition purposes. 
Those defects which the earlier magneto-electric 
machines presented have been entirely overcome, and 
the dynamo-electric machine may be said to be, when 
properly managed and carefully used, by far the most 
serviceable machine which the electro-plater has yet 
obtained. These machines are made for intensity or 
quantity, so that in every respect they represent the 
best batteries ordinarily used for the various purposes 
o£ the e/ejc^ro-metallurgist. 
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There are other circumstances besides the power of 
the battery which affect the nature of the deposit, or 
the speed with which it is obtained. The solution, or 
electrolytCy may be what is termed a ffood or a bad con- 
ductor, according to the amount of metal or the pro- 
portion of the solvent existing in it; or the extent of 
surface of anode or positive electrode immersed in the 
solution while deposition is taking place. If the solu- 
tion be poor in metal, &c., and the surface of anode 
exposed to the article which is to receive the deposit 
be smaller than is required, the operation will go on 
slowly; whilst, on the other hand, a superabundance 
of metal and the solvent being in the solution, and the 
surface of anode exposed being considerable, the de- 
posit may take place so rapidly that it will be thrown 
off the cathode, or article coated, in the form of a 
powder, or myriads of minute granules. 

Again, the speed with which the deposit is obtained 
depends upon the temperature of the solution. When 
the solution is raised to the temperature of 60° C. 
(140° F.), deposition takes place very rapidly ; indeed, 
in order to bring the solution to a strength which will 
enable you to use it hot without fear of granular depo- 
sition and other imperfections, nearly 75 per cent, of 
water must be added to it, and the surface of anode 
immersed be diminished. 

In excessively cold weather, I have frequently found 
a silver solution covered with ice of considerable thick- 
ness, and consequently the deposition has taken place 
more slowly than was desired. In this state the deposit 
was much harder, and less inclined to be '* rough,'* 
than when the solution was of a higher temperature. 
I would at all times prefer workinj^ l\i^ v(Vn^ ^x^Sss^'Ql 
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at as low a temperature as possible, as I think tlie 
deposit) under such circumstances, is in many respects 
of a superior quality. 

Motion will also materially aflFect electro-deposition. 
If the solution be too strong; the surface of the 
anode exposed be excessive; the solution be of too 
high a temperature ; the battery too powerful, or 
if any one of these circumstances give rise to a pul- 
verulent or granular deposit, or cause the metal to 
" strip,^' or peel oflF the article on which it is deposited, 
by keeping the negative electrode and the article 
attached to it in constant and rapid motion until the 
required coating is obtained, a perfectly smooth, uniform, 
and tenacious deposit will be secured, though the cir- 
cumstances referred to be ever so unfavourable. For 
example, if you attach an article to the negative electrode, 
and place it in the gilding bath, and if, after a few 
seconds, you observe that the gold is deposited of a dull 
brown colour, by very briskly agitating the article in the 
solution it will instantly become bright and of a good 
fine-gold colour. 

There are circumstances under which no deposition 
whatever will take place. The following occurrence 
will illustrate a curious phenomenon which occurred to 
my brother and myself some years ago. We had been 
plating large quantities of spoons and forks in an apart- 
ment for several years, during which time our operations 
had been most highly successful, and we had been 
much praised for the quality of our deposit. One day 
my brother found, to his great annoyance, that no 
deposit whatever would take place on any article im- 
^ersed m the solution. Something was y^ioii^. Entirely 
oew batteries were apolied^ but with iio\ielleT ^Axecc^'s^^; 
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fresh solutions were made, but still no deposition of 
silver took place. The batteries and solutions were 
next insulated from contact with the ground, as we 
thought it probable the current was being conducted 
away somehow or other, and yet no favourable change 
occurred. Thus matters went on for nearly a fortnight ; 
all hands were idle; the workpeople enjoyed a kind of 
extended Easter holiday, or were hoping something 
favourable would "turn up^' from day to day. At 
last, having tried every expedient that suggested itself 
to our almost distracted senses, it occurred to me that 
if the solutions and batteries were removed to another 
apartment we might meet with better success. The 
experiment was tried and it succeeded. Once more 
we could observe the beautiful deposit of silver upon 
the metallic surfaces, and all went on well. 

Whatever may have been the cause of tliis inaction, 
some time afterwards the operations were carried on in 
the same apartment with perfect facility. 

In practising the art of electro-deposition, it is neces- 
sary to observe the strictest cleanliness, and to be 
careful not to allow the solutions in any way to be 
mixed with each other. 

It will be necessary to have various kinds of solutions, 
of certain strengths, in order to deposit one metal upon 
another with tenacity and firmness. The same solution 
will not do well for all metals. It is the neglect of 
this fact which causes many failures, and many solu 
tions to be spoilt. A solution which will allow a 
good deposit of silver to take place on copper or 
brass, will not be applicable to »t^e\, ^^ \Xi'^ ^\^x 
y/fovid instantly blister or peel off t\i^\».\.\.et. k.'^5»^> 
a solution which would deposit a i«vi\>Aa^'^ ^^^^\s^'?> ^ 
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copper on iron would deposit a very bad coating on 



zinc. 



To those who are unacquainted with science, I may 
observe that they need not be deterred from the study 
of these arts by any apparent abstruseness which may, 
at first sight, surround it. In the present portion of 
this work I have been under the necessity of entering 
chiefly into scientific considerations ! but will now 
commence the details of the various processes of electro- 
deposition, which I will endeavour to render as simple 
as possible, in order that they may be fully understood, 
even by those who now enter upon the study of this 
subject for the first time. 

ELECTRO-DEPOSITION OF COPPER. 

Many valuable additions were made by the various 
manipidators in the beautiful art of electrotyping, one 
of the first of which was Mr. Murray's application 
of plumbago as a coating for surfaces which are non- 
conductors of electricity. 

Electrotypes were originally produced in a cell which 
formed at the same time the battery and the decompo- 
sition bath, thus : — A jar a was charged 
with a concentrated solution of sulphate 
of copper ("blue stone" or "blue 
vitriol'^). A porous cell b, a bladder, 
or a glass tul)e having one end covered 
with a piece of bladder, was placed in 
this solution, and a piece of zinc with a 
copper wire c attached was placed in this cell, which waa 
then filled with dilute sulphuric acid or salt and water 
the object to be copied, being previously prepared, was 
Buspended to the end of this wire d and immersed in the 
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copper solatioD. This was termed the " single cell '* 
arrangement; it is eyen now occasionally used by 
electro-metallurgists in some of their operations. 

Subsequently, experimentalists applied a separate 
battery for the purpose of depositing copper from its 
solution, and it was found that operations on a large 
scale could thus be carried on with considerable speed 
and other advantages. Mr. Mason has the credit of 
being the first who applied a separate battery to the 
production of electrotypes. 

When a separate battery is used, it is necessary to 
attach the mould to be copied to the negative electrode, 
— ^the wire proceeding from the zinc of the battery, and 
a piece of sheet copper is attached to the positive elec- 
trode — the wire issuing from the copper of the battery. 
In this arrangement the object to receive the deposit 
constitutes the cathode, and the copper plate the anode. 

Copper Solutions. — ^The solution for electrotyping 
by means of the " single cell " arrangement should be 
composed of a nearly saturated solution of sulphate of 
copper, with two ounces of concentrated sulphuric acid 
added to the gallon of saturated solution ; one drachm 
of arsenious acid (white oxide of arsenic) may be also 
added to improve the character of the deposit, but this 
is not indispensable. ^ little chloride of tin may be 
substituted for the arsenic. 

The sulphate of copper may be dissolved in boiling 
distilled or rain water, or even common water, and 
allowed to cool, the sulphuric acid being added when 
the solution is quite cold. 

Sulphate of copper is frequently adulterated with 
sulphate of iron ("copperas" or "green vitriol*'), 
therefore it is necessary to obtcim l\\^ «.xMv^^ «^ ^ 
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respectable establishment; in fact it is advisable always 
to procure substances required for experiment, or even 
for more extensive operations, where their purity can 
be depended upon. If every one adopted this principle, 
those who vend impure materials would soon be com- 
pelled to follow the example of their more honest com- 
petitors, and to sell pure articles, however little in 
accordance with their wishes. 

The solution required for depositing copper with a 
separate battery is composed of — 

Sulpliate of copper 1 pound. 

Sulphuric acid In 

Water (aboul) 1 gallon. 

to which may be added a small quantity of arsenious 
acid or chloride of tin. 

PREPARATION OF MOULDS. 

The material of which a mould is composed will 
depend upon the nature of the model; the same com- 
position will not do well for all purposes. 

Moulds from Plaster of Paris Models— may be 

obtained by any of the following methods : — If the 
object to be copied be a plaster medallion, for instance, 
let it be placed in a plate or large saucer, with its face 
upwards, and pour boiling wafer all round it until it 
nearly reaches the upper edge of the cast ; allow it to 
remain in the water until the face of the object assumes 
a moist, but not wet, appearance ; then remove it from 
the plate and surround it with a rim of card or thick 
^rawjng'paper, allowing sufficient depth in the rim to 
/fo7d a requisite quantity of the mo\Adm^ material. 
-iius rim of card may be conveniently ke^t m v\»^ ^osv- 
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tion by sealing-wax. A rim of sheet tin or brass will 
be found also to answer the purpose very well, but it 
must be secui'ed to the medallion by means of fine 
binding wire or a split ring. The medallion must not 
stand for longer than two or three minutes after it is 
taken out of the water, before the composition is poured 
on. It is better to put the rim of card round the cast 
before immersing it in hot water. The following com- 
position, being melted and at the point of cooling, is 
then poured into the mould. 

White wax 6 otinoes. 

Spermaceti 1 „ 

Stearine 8 i. 

Carbonate of lead 1 ,, 

16 

These compounds should be well melted together, 
the carbonate of lead being added last, and thoroughly 
stirred ; care must be taken that the heat applied be 
not sufficient to form air-bubbles. As soon as the com- 
position is poured on the medallion, it is advantageous 
to quickly stir it with a camel-hair pencil to dissipate 
any air-bubbles which may have resulted from pouring 
in the composition too suddenly. Also, the mould thus 
formed should remain for several hours to become quite 
cold ; the more gradually it cools the better. The rim 
may now be removed and the mould separated from the 
medallion. Should there be a tendency for the two 
surfaces to adhere, the plaster cast may be again placed 
in boiling water for an instant, when it will come away 
readily. Sometimes, however, the composition will 
adhere to the plaster in spite of all )jxec^».t\Qk\s.^^ \ssl 
which case it is advisable to iotce S\, «&\«iftjst>^»i«ASi'^ 
c&re not to injure the compositioxi xaouVdi, "VI ^-^xs^ft ^ 
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the plaster is found to adhere to the mould, place the 
latter in luke-warm water for a short time ; this will 
somewhat soften the adherent plaster, and will enable 
portions of it to be picked oflf the surface of the mould, 
and with a very soft brush much more will come away. 
Should any plaster still obstinately remain adherent, 
dry the mould and apply with a thin piece of wood a 
little sulphuric acid to the fragments of plaster remain- 
ing, ttnd leave the mould exposed to the air for some 
time, when the acid will have attracted a certain quan- 
tity of moisture from the air, and their united action 
will cause the gradual dislodgment of the plaster, which 
may be brushed away with a soft brush and water. 

Gutta percha is another excellent substance for 
making moulds from plaster of Paris models. The 
gutta percha must be boiled in water for some length 
of time until it is quite soft. The object to be copied^ 
if a plaster medallion, should have its surface slightly 
oiled, and then be provided with a rim as before 
described, and the softened gutta percha, being wiped 
dry and rolled into the form of a ball, placed in the 
centre of the model and worked with the hand until 
every part of the medallion is covered with it, when 
a smooth piece of wood (previously greased) may be 
placed over it and pressure applied until the mould is 
thoroughly set. In about an hour or so it may be 
removed from the model. It is necessary to bind the 
rim round the plaster cast very tightly, in order to 
render the object less liable to fracture and to keep the 
parts well together if an accident does happen ; or the 
plaster cast may be imbedded in a little melted wax, 
poured on a plate, previous to the gutta ^^icW V^^m^ 
applied J by this means the plaster mA\ \ie c\\j\t^ ^ec>rc^^ 
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from fracture. Pressure may be conveniently applied 
by placing tbe mouldy &c.^ between two pieces of per- 
fectly fiat wood and then screwing them in a vice^ 
talking care that they be properly adjusted so that the 
pressure may be uniform^ or a weight may be placed on 
the mouldy and allowed to remain for half an hour or so. 

Moulds in fusible metal may also be obtained from 
plaster casts. The plaster model should first be well 
soaked in boiled linseed oil, to which a little " patent 
dryers'' has been added^ and allowed to remain for several 
days before taking the mouldy when it will have become 
exceedingly hard. The mould may then be taken 
from the plaster cast in the same way as from medals^ 
described further on. 

Elastic moulds, as they are termed^ may be made 
from casts in plaster. The composition for this pur- 
pose is — 

Glae 12 ounces. 

Treftcle Z „ 

Soak the glue in sufiicient water to render it quite soft. 
As soon as the glue is quite liquid^ add the treacle and 
mix them well together. The plastic cast must be 
thoroughly saturated with boiled linseed oil^ containing 
a little ''patent dryers/' and be laid aside for a day or 
two^ if convenient^ to harden before the elastic mould 
is made from it. This material for moulds is generally 
applied to objects which are either much *' undercut/' 
or are in considerable relief^ and from which^ conse- 
quently^ it may be impossible to obtain a perfect copy 
without this composition is resorted to. The elastic 
moulds are thus made. If we desire to co^*^ ^^^;^^ 
of plaster, after it has been subjected to t\i^\\TA^^^ ^^^ 
"x., let tbe hollow in the figure \)e fiWed \x^ V\^ wcA% 
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and the orifice at its base be well closed with a piece of 
card or oilskin pasted over it. The figure is now 
placed perpendicularly in a jar of cylindrical form/ 
and rather deeper than the height of the bust ; the jar 
should be previously well greased. The plaster cast 
must have an abundance of oil brushed or poured over 
it before it is placed in the jar, and the composition is 
poured in until it covers the bust and is an inch or two 
above it. 

After allowing the mould thus formed to remain for 
a day or so to become thoroughly set, the jar may be 
turned upside down, and the mould will readily slip 
out. A very sharp, bright, and thin-bladed knife, is 
now passed from the top to the bottom of the .figure at 
its back, very cautiously, and the mould may be opened 
and the plaster model withdrawn. As soon as the 
model is removed, the mould, being elastic, will close 
itself. A strip of oiled paper or rag is now carefully 
wrapped round the mould, in order that it may retain 
its proper position : it is a good plan, also, to place three 
or four pieces of wood of equal thicknesses, at equal 
distances round the mould, secured by a piece of twine ; 
this will protect it from injury. The mould being 
inverted, is now filled with a mixture of about 
equal parts of bees'-wax and resin, and a small quantity 
of plumbago and tallow. The mixture should not be 
poured in until it is beginning to cool. The whole 
should be allowed to rest for a few hours until quite 
cold, when the wooden props and bandages may be 
removed, the mould reopened, and the composition 
Bgure gently withdrawn. The mould will do for future 
occasions. 
When the mould is made of ilie vrax. eorcv^o^\\A»w, \\ 
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tfhould be treated in the following manner. Bend a 
piece of stout copper wire in such a way that it may, 
when slightly heated, be conveniently placed round a 
portion of the edge of the medallion, to which it will 
adhere firmly when cold. Then apply, with a soft 
camel-hair, badger-hair, or other very soft bnisli, finely 
powdered plumbago (common blacklead will do) until 
the whole surface of the mould has acquired a metallic 
lustre. The brush with which the plumbago is applied 
should be worked in circles, so that every little crevice 
in the mould may be thoroughly coated; it may be 
advisable also to plumbago the finger and rub the flat 
surfaces of the mould with it, in order that they may be 
uniformly blackleaded. 

It is sometimes advantageous to breathe upon the 
surface of the mould when applying the plumbago ; 
care must be taken that the end of the conducting 
wire attached to the mould, and that part of the com- 
position near it, receive a good coating of the plumbago 
to insure a perfect connection between the wire and 
the plumbagoed surface. The edge of the mould 
should be scraped round with a knife, in order to 
remove any superfluous plumbago which may have 
been communicated by the fingers, or otherwise this 
part of the mould will receive the deposit, and render 
it difficult to separate the electrotype from the mould. 
But care must be taken not to remove the plumbago 
from the wire and adjacent composition. 

The mould is now ready to be placed in the solution 
bath ; if it is desired to obtain a good thick deposit, it 
may be left in the bath for two or three d^.^^ ot ^'^^yv 
longer. When the mould liaa TecevN^di VJcifc x^\ifi\^^^ 
coatingj remove it from the \>at\i, dL^>;.\x.fisv \\. Sxwa x^x^ 
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conducting wire, and then gradually loosen tlie electro- 
type with the point of a penknife. Should there be 
any copper deposited on the outer edge of the mould, 
thereby rendering it diflScult to separate the one from 
the other, this may be broken away and the obstacle 
thus removed. It is advisable, before taking the electro- 
type from the mould, to cut off the conducting wire as 
close to the copy as possible, in order to render the 
detachment more manageable. 

As soon as the electrotype is free, it may be heated 
to cherry redness in a clear fire, or, which is better, by 
a blast from a blow-pipe, and when thus annealed it 
will be exceedingly tough, and less liable to be broken. 
When cool, the electrotype should be plunged into cold 
water acidulated with sulphuric acid, and allowed to 
remain in it for some minutes, when it may be rinsed 
and dried, the edges clipped with a pair of jewellers' 
shears, and filed to the proper form. 

The electrotype may now be polished with rotten- 
stone and oil, applied with a rather stiff brush. 
It may then be washed with boiling water and soap, 
dried^ and, lastly, polished with moistened rouge and a 
soft brush, the plain surfaces being polished with the 
second finger and rouge. 

Previously to polishing the electrotype, the hollow 
surface at the back may be filled up with pewter solder 
and lead, thus : — Dissolve a piece of zinc in hydrochloric 
acid (muriatic acid) and apply a little of the solution 
all over the back of the electrotype; cut up some 
pewter solder into small pieces and place them on the 
back, put the copy on a piece of charcoal, and apply the 
blow-pipe flame until the solder has " run '* into every 
etVFJce. Some pieces of lead may now be treated in a 
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similar way to give additional substaace to the electro** 
type, and it is cheaper than solder. The copy may now 
be bronzed, plated, or gilt, and mounted on a piece of 
black velvet, or otherwise disposed of, according to the 
taste of the electrotypist. 

Moulds from Metallic Substances may be obtained 

by any of the following processes : — Suppose it be a 
medal which we desire to copy, let a stout piece of cop- 
per wire be soldered to the edge or back of the medal, 
or let a thinner piece of wire be twisted tightly round 
its edge. Then place the medal, face upwards, in a 
plate containing a little melted wax, su£fering the wax 
to reach about half way up the edge of the medal, then 
remove it for a moment, and replace in the wax once more 
to give an additional coating. Or soften a piece of 
gutta percha, roll it into a ball, and, having cut a hole 
of the size of the medal in several pieces of card, or one 
thick piece of cardboard, place the medal, face down- 
wards, between these holes and press the gutta percha 
on the back of the medal, and put a weight upon it. 
It may be advisable to coat the back of the medal with a 
solution of gutta percha, in order to give the lump 
applied a greater inclination to adhere, or the medal may 
be somewhat heated before the gutta percha is applied. 
The face of the medal is now to be slightly greased 
either with olive oil, trotter oil, or melted goose fat. 
This is best done with a camel-hair pencil or a piece of 
cotton wool. The superfluous oil is then to be removed 
from the medal by means of a piece of clean cotton wool 
or a silk handkerchief. Solutions of wax in alcohol or 
turpentine have been substituted for oil or grease. 
The surface of the medal may also be plumbagoed 
with advantage, in which case the oil may be dis^^niicil 
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with. The medal is now to be put into the solution 
bath, and allowed to remain until sufficiently well 
coated, when it may be removed, washed, and the 
mould carefully separated from it. 

The mould may now, in its turn, be oiled or plum- 
bagoed, and placed in the bath, and a deposit being 
allowed to take place upon it, the operator will have 
obtained an exact representative of the original. This 
may now be treated in the same way as the electrotype 
from a wax mould. 

The next process for obtaining moulds from metals, 
consists in first oiling or plumbagoing the surface of 
the medal, then placing a rim of card round its edge, 
secured by sealing-wax. Some very fine plaster of 
Paris is now mixed to the consistence of thick cream, 
and this is carefully poured over the face of the medal 
with a table-spoon; a camel-hair pencil is now used 
to stir the plaster on the medal, in order to dissipate any 
air bubbles which may have been formed when pouring 
on the plaster. The brush is quickly plunged into 
water, and the plaster allowed to remain for an hour or 
so to harden. When the mould is separated from the 
medal, it should be placed aside to dry as much as pos- 
sible, and it must be well charged with melted wax 
before being plumbagoed. A wire may be firmly 
twisted round it, and the connection between the wire and 
the mould be secured by brushing the plumbago at that 
part only where the wire is twisted ; otherwise, should the 
whole of the coil of wire be plumbagoed, there may be 
considerable difficulty in detaching the copy when the 
deposit 13 obtained. As before, all superfluous plum- 
A^o should be scraped off the edg^ of the mould 
Ae/bre immersing in the bath. 
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O^utta percha moulds may also be obtained from 
metallic substances in the same way as from plaster 
models. 

Sealing-wax has also been employed to obtain moulds 
from metallic surfaces, but it is not so suitable as either 
gutta percha or the following : — 

After a medal has been oiled or plumbagoed as 
before, and a rim of card bound round its edge^ a 
mould may be made of the wax and stearine compo- 
sition, which is melted gradually, and when it begins 
to solidify, it is carefully poured on the surface of the 
medal, this being held at a slight angle at the time in 
order to prevent the formation of air bubbles. If the 
composition is too hot, or if the mould be too quickly 
removed from the medal, it will surely adhere. The 
mould should not be removed for several hours. If, 
however, with all precaution, the mould has an inclina- 
tion to adhere to the medal, place them for an instant 
in hot water to expand the medal, when it will separate 
easily. 

Moulds in fusible Metal, prepared by various 
processes, are also obtained from medals, &c. The 
fusible alloy may be formed from any of the following 
formulaD : — 

Melt together in a crucible or clean ladle 

Bismuth 8 ouncec. 

Lead ^ tt 

TiD 4 „ 

Antimony 1 „ 



18 



>i 



While these substances are being {xi^^^, Ti^'dsfv?] ^\ 

a cylindrical jar of considerable dept\i,V\>3QL c^<iL^^^x% 

Cut some bay or straw into pieces oi ^Wi^ V}«t^^ 
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inches in length, and place them in the water. Let 
some person keep this well stirred until the metal isf 
ready to pour. The stirrer is then withdrawn quickly 
and the melted alloy poured in. This will finely 
granulate the alloy. The water being now poured off 
the granulated metal, it may be dried and remelted. 
By this means the alloy becomes thoroughly well 
mixed. 

Or either of the following mixtures may be treated 
in the same way. 

L 

Bismuth . .' 8 onnoes. 

Lead 4 ,, 

Tin 4 „ 

"16",, 

IT. 

Bismuth 8 ounces. 

Tin ........ 2 „ 

Lead . • • c • • . 4 „ 

Cadmium 2 „ 
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The latter formula is the most fusible of those given, 
its melting point being 160° Fah., or 52° below the 
boiling point of water. 

When a medal is to be copied by the fusible alloy. 
It should be placed on a smooth piece of wood, and 
the edge of the medal traced round with a pencil 
upon the wood ; a hole is now to be cut in the wood, 
as deep as half the thickness of the edge of the medal, 
and when this is done the medal is to be placed 
in this cavity, and made fast to it by means of moist 
blotting-paper or otherwise. {See engraving,) Or the 
iack of the medal may be imbedded in a thick paste of 
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plaster of Paris^ up to half the thickness of its edge^ 
and the plaster worked up so as to form a kind of 
handle for the medal^ which should 
not be greased for this purpose. 
When the medal is secured by either 
of the above means^ a wooden block 
is to be obtained^ a part of which 
is to be greased a little, and a quantity of the fused 
alloy poured quickly on it, and this is to be worked 
ap with a thin piece of wood, or card, into a mass 
of pasty consiBtence. If a pellicle appears on the 
surface it must be quickly removed with the card, and 
the medal be brought suddenly upon the cooling alloy, 
where it must be held steadily for a few moments until 
the alloy has quite set. 

It is absolutely necessary to act with promptness and 
expertness, in order to obtain good moulds by means 
of the fusible alloy. 

Moulds from Animal Substances. — Let us pre- 

sume that the object to be copied is a fish. A quantity 
of plaster of Paris is mixed into a thickish paste, and 
poured quickly on a piece of plate-glass or sheet tin, 
slightly greased, to prevent the adhesion of the plaster ; 
or a sheet of paper, 
greased on one side, 
placed on a level sur- 
face of wood, will an- 
swer this purpose very 
well. The fish may 
then be laid on its side 
upon the plaster, and 
a little gentle pressure 
applied until one-half of the fish it \m\^^iidi^dL. V^<tt 





28 EtECTRO -METALLURGY. 

woodcut,) It is advantageous^ sometimes^ to brush oi! 
over the fish, previous to placing it in the preparation 
of plaster. As soon as the adjustment of the fish is 
complete, it may be allowed to remain until the plaster 
is thoroughly set, but not hard ; the fish may then be 
carefully removed from the mould thus formed, and 
any " ragged edges^' which may appear on the mould, 
may be smoothed with a penknife. Three holes, of 
a conical form, and at least half an inch deep, should 
now be bored in the face of the mould, thus, — one near 
the middle of the fish's back, another below the head, 
and a third beneath the tail. 

The mould must then be brushed over with soap and 
water, a very soft brush being applied, and the fish 
is then carefully replaced in its former position. Then, 
having made a further quantity of plaster into a thin 
paste, pour it quickly on the fish and mould, taking 
care that the three holes be filled with the plaster. 
Should any air-bubbles occur during the pouring on of 
the plaster, they must be instantly dissipated with a 
soft brush or thin piece of wood. Having applied 
sufiicient plaster to make a strong mould, let the whole 
rest until the moulds are quite hard, when they may be 
separated and the fish withdrawn. The upper mould 
will have three projections, corresponding to the holes 
in the lower mould, which will enable the operator to 
put the moulds together with facility and accuracy. 

These moulds may now be placed in an oven until 
chey are quite dry, and should then be put into a 
shallow vessel, containing melted wax, and allowed to 
remain therein until they are quite saturated ; as soon 
as the moulds are cool they are ready to receive the 
plumbago, or other conducting medium. 
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Sereral holes should then be drilled in the edge of 
each mould, and a stout copper wire, bent at one end, 
be inserted in each hole^ the terminations of these wires 
being well bound together, so as to prevent the mould 
from shifting from the wires. Several pieces of fine wire 
(jewellers' binding wire will answer this purpose very 
well) may be twisted round the conducting wire^ and 
their ends be allowed to touch the surface of the mould 
in several places^ in order to aid the deposit^ which, 
when large surfaces are exposed, is apt to take place 
principally or entirely at the points of the conducting 
wires. Care must be taken that the portions of the 
mould to which the wires are attached be well coated 
with plumbago, and the edges of the mould should be 
scraped, in order to free them from any plumbago 
which may have been communicated to them ; other- 
wise, when the deposit is obtained, it may be found 
difficult to separate the mould from the electrotype. 

When the two halves of the fish are thus obtained 
in electrotype, the extraneous copper should be removed 
as before directed, and being filed until they will lay 
close together, the inner edges may be tinned with 
chloride of zinc and pewter solder, and being brought 
together, a blowpipe flame will soon complete the 
union. A perfect representation of the fish is here 
obtained, which may be either bronzed, plated, or gilt, 
by any of the processes hereafter to be described. 

Moulds from any animal substances may be obtained 
by the above plan. 

In some instances it may be advisable to make a 
mould of an animal in the elastic material before 
spoken of, in which case one half of the object may be 
imbedded in sand, and a cvlinder of sheet tvw\si'wia\s^ 
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surround the object, and being an inch or two higher 
it may be stuck in the sand. The elastic material is 
now to be passed into the cylinder, until it nearly 
reaches the top ; it is allowed to remain until the com- 
position has thoroughly set, when the metal rim may 
be removed, and the object separated from the mould. 
The other half of the object may be treated in the same 
way. The composition of wax and stearine may now be 
poured into each half of the mould, and plaster moulds 
may be taken from the wax models thus formed, which, 
being saturated with melted wax, may be plumbagoed 
and electrotyped. 

Moulds from Vegetable Substances^ may be gene- 
rally taken in the same way as from animals. Leaves, 
sea-weeds, &c., may be thus copied : — Suppose we take 
a fern-leaf for example : let the back of the leaf be 
carefully imbedded in a paste of plaster of Paris, and 
with a piece of wood, guide the plaster so that it may 
fill up every crevice that is not to be copied. When 
the plaster is quite hard, melted wax may be poured 
over the leaf (which should be dusted over with plum- 
bago previously, to prevent the wax from adhering), 
and allowed to remain until quite cold. The leaf and 
plaster should now be separated from the wax mould, 
which is then ready to receive the plumbago, &c. 

Another good plan is, to brush over the back of the 
leaf with thin plaster, layer after layer, until it has 
received a good stout coating; this may now be im- 
bedded in sand, and wax poured on as before. 

Fern-leaves, sea-weeds, &c., may be imbedded in claj 
before the wax is applied to them. 
2!be elastic moulding will also be fowivSL \et^ xxa^WiVa 
^^PJ^ff vegetable substances. 
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Gutta percha can seldom be applied with advantage 
to the copying of delicate objects of vegetable or 
animal nature^ owing to the amount of pressure it 
requires to obtain an impression. 

Having described the various moulding materials 
employed by electrotypists, we will proceed to the 
general applications of the art of electrotype. 

Articles of glass may be coated with copper, by first 
covering them with a solution of gutta percha in tur- 
pentine or naphtha, dr wax dissolved in turpentine ; 
the article is then coated with plumbago, &c., in the 
usual way. The surface of the glass vessel may be 
rendered somewhat rough by submitting it to the 
fumes of hydrofluoric acid, but this is seldom requisite. 

Tn some cases it will be found difficult to apply plum- 
bago to a given surface, in which case the following 
mixture may be employed : — 

Wax or tallow ...... 1 ponnd. 

Spirit of turpentine 1 plut. 

India rubber 2 ounces. 

Aspbalte 1 pound. 

Melt the wax or tallow, then dissolve the caoutchouc 
and asphalte in the turpentine, and add to the wax, 
stirring them well. Now pour in one pound of the 
following solution : — 

PhosphoniB 1 pound. 

Bisulphuret of carbon 15 pounds. 

Smaller quantities may be mixed up in the same pro- 
portions. 

These substances being well blended together, objects 
to be electrotyped are brushed over with the compo- 
sition^ or, being attached to a wire, aie dcvY6^^ '^"ci!^^ ^* 
A weak solution of nitrate of sftvex \a w^iA. ^xopfv^^^ 
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containing about two pennyweights of silver to the 
quart of distilled water, into which the article is 
immersed until it assumes a black colour all over ; it is 
then placed in clean cold water, and afterwards dipped 
in a solution of chloride of gold, washed again, and 
allowed to dry spontaneously. The object is now 
ready to be placed in the bath, where it will receive the 
deposit very readily. 

The above method of rendering non-metallic sub- 
stances conductors of electricity is particularly applic- 
able to the coating of insects, flowers, and other 
delicate objects of nature. 

Flowers, &c., may also be dipped in a rather weak 

solution of nitrate of silver, and then 
be exposed to the fumes of phosphorus 
under a glass ; or the object A, after it 
has been dipped in nitrate of silver, 
may be placed in a bottle a charged 
with hydrogen, or phosphuretted hy- 
\ drogen. 

Daguerreotypes may also be copied 
by the electrotype process, thus : — ^A portion of the back 
of the daguerreotype is to be cleaned by scraping it, or 
by applying a single drop of nitric acid, which is then to 
be wiped off; a little chloride of zinc is now put on 
the clean spot, and a small piece of thin pewter solder. 
A thickish copper wire, having one end flattened, is now 
placed in the flame of a candle or lamp, and being 
brought in contact with the picture, the heat is to be 
continued until the solder runs. The back of the 
da^guerreotype may now be coated with wax, and may 
then be placed in the bath to receive ttve deposit of 
<^pper. The electrotype will be fo\m4 e^sSV^ ^e^^^^iJc^^ 
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(rom the pictures^ and it should be slightly gilt^ iu order 
to protect it from oxidation. 

Another useful appUcation of the art of electrotype 

the invention of Mr. Palmer, termed by him glypho- 
graphy, a description of which process we give here- 
with : — 

" A piece of ordir4ary copper plate, such as is used 
for engraving, is stained black on one side, over which 
is spread a very thin layer of white opaque composition, 
resembling white wax, both in its nature and appear- 
ance; this done, the plate is ready for use. 

" In order to draw properly on these plates, various 
sorts of points are used (according to the directions 
here given), which remove, wherever they are passed, 
a portion of the white composition, whereby the black- 
ened surface of the plate is exposed, forming a striking 
contrast with the surrounding white ground, so that the 
artist sees his effect at once. 

"The drawing, being thus completed, is put into 
the hands of one who inspects it very carefully and 
minutely, to see that no part of the work has been 
damaged, or filled in with dirt or dust ; from thence it 
passes into a third person's hands, by whom it is 
brought in contact with a substance having a chemical 
attraction or affinity for the remaining portions of the 
composition thereon, whereby they are heightened ad 
libitum. Thus, by a careful manipulation, the lights of 
the drawing become thickened all over the plate equally, 
and the main difficulty is at once overcome : a little 
more, however, remains to be done. The depth of 
these non-printing parts of the block mu^t b^ m vs^cdl^ 
degree proportionate to their width ", con^^o^'eiificj^'^ioft 
larger breadths of lights require to be t\i\GY^;viei^ o^^Ca.^ 



84 ELECTRO-METALLURGY. 

plate to a much greater extent, in order to produce this 
depth. This part of the process is purely mechanical, 
and easily accomplished. 

'' It is indispensably necessary that the printing sur- 
faces of the block prepared for the press should project 
in such relief from the block itself, as shall prevent the 
probability of the inking-roUer touching the interstices 
of the same whilst passing over them ; this is accom- 
plished in wood engraving by cutting out these inter- 
vening parts, which form the lights of the print, to a 
sufficient depth; but in glyphography the depth of 
these parts is formed by the remaining portions of the 
white composition on the plate, analogous to the thick- 
ness or height of which must be the depth on the block, 
seeing that the latter is in fact (to simplify the matter) 
a cast or reverse of the former. But if this composition 
were spread on the plate as thickly as required for this 
purpose, it would be impossible for the artist to put 
either close, fine, or free work thereon ; consequently 
the thinnest possible coating is put on the plate pre- 
viously to the drawing being made, and the required 
thickness obtained ultimately as described. 

" The plate thus prepared is again carefully inspected 
through a powerful lens, and closely scrutinised, to see 
that it is ready for the next stage of the process, which 
is to place it in a trough and submit it to the action of 
a galvanic battery, by means of which copper is depo- 
sited into the indentations thereof, and, continuing to 
fill them up, it gradually spreads itself all over the sur- 
face of the composition, until a sufficiently thick plate 
of copper is obtained, which, on being* separated, will 
be found to be a perfect cast of the drawing which 
/bnoed tie cHchSe* 
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*' Lastly, the metallic plate thus produced is soldered 
to another piece of metal to strengthen it^ and then 
mounted on a piece of wood to bring it to the height 
of the printer's type. This completes the process, and 
the glyphographic block is now ready for the press. 

"It should, however, have been stated previously, 
that if any parts of the block require to be lowered, it 
is done with the greatest facility in the process of 
mounting.'' 

For the purpose of coating iron or zinc with copper, 
various solutions are employed. 

1. Add to a solution of sulphate of copper a solution 
of cyanide of potassium, which will form a greenish 
precipitate ; care must be taken to avoid breathing the 
fumes arising during this part of the process, as they 
are highly injurious. The precipitate is to be washed 
several times with cold water, and lastly dissolved with 
cyanide of potassium. 

2. Pour into a solution of sulphate of copper, a solu- 
tion of ferrocyanide of potassium, until no further pre- 
cipitation takes place. Wash the precipitate as before. 
Cyanide of potassium will dissolve the precipitate. It 
is recommended to work this solution hot. 

3. A very good solution for coppering may be made 
by dissolving about 8 ounces of sulphate of copper in 
one quart of hot water ; when the solution is cold, add 
liquid ammonia (sp. gr. 'SSO) gradually, stirring well 
after each addition, until the precipitate at first formed 
becomes re-dissolved by the ammonia. Now add a strong 
solution of cyanide of potassium, xintil the blue colour of 
the ammonio-sulphate of copper disappears. An excess 
of cyanide must then be added ; the solution should be 
worked at a temperature of about 130° F. 



36 ELECTRO-METALLURGY 

The chloride or acetate of copper may be used instead 
of the sulphate, the former being preferable to the 
latter, but more expensive. Solutions thus made may 
be worked cold. Two cells of the battery described at 
page 7 will be found to answer admirably, for the 
purpose of depositing from these solutions. 

Articles of iron which are to receive the deposit of 
copper should be previously soaked in a strong solution 
of caustic alkali, either soda or potassa, made by adding 
to either of these salts some recently slaked lime ; the 
clear liquor proceeding from which is to be used for 
the purpose of removing any grease which may attach 
to the article, which is then to be well washed and 
immersed in a " pickle," consisting of — 

Sulphuric acid 1 pound. 

Hydrochloric acid 2 ounces. 

Water 1^ gallon. 

After the iron article has remained in this pickle for a 
short time, it may be removed, and well washed and 
scoured with sand and water, applied with a very hard 
brush. 

Articles of zinc may be placed in the alkali, and then 
steeped in the following pickle : — 

Sulphuric acid 1 pound. 

Water 2 gallons. 

After pickling, the articles may be scoured with sand if 
they require it, which is seldom the case, unless the 
work is old and greasy, in which case the brush and 
sand will readily remove any stains which may present 
themsehes after picklingc. 



BRONZING MIXTURES. 87 

BRONZING. 

When an electrotype is obtained^ or a surface of iron 
or zinc coated with copper^ a bronze appearance may 
be imparted by any of the following mixtures, which 
should be laid on with a soft brush, and allowed to dry; 
after which a somewhat harder brush should be briskly 
applied to the object, until it has become thoroughly 
brightened. Should the bronze, however, appear too 
uniform and want relief, a little of the composition 
should be rubbed off the raised surfaces, in order to 
give an effect of light and shade. This may be done 
to suit the taste of the operator. 

As the bronzing mixtures are of different colours, 
and are to produce various effects, care should be taken 
never to apply any two of them with the same brush, 
without previously washing it. 

Black Bronze, — Dissolve platinum in nitro-hydro- 
chloric acid, and evaporate to dryness, or to crystallisa- 
tion. Dissolve this in spirit of wine, ether, or water. 
A few drops of this solution may be mixed with any of 
the bronzing powders, such as crocus, sienna, rouge, 
&c. It is well to gently heat the article to be bronzed, 
previous to applying this composition. The projecting 
portions of the article may be lightened, if requisite, by 
applying a little liquid ammonia to them with a piece 
of chamois leather. 

Brown Bronze. — Rouge, with a little chloride of 
platinum and water, will form a chocolate brown of 
considerable depth of tone, and is exceedingly applicable 
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to brass surfaces^ which are required to resemble » 
copper bronze. 

Parisian Bronzes. 

I. 

Flombago 1 ounce. 

Sienna ^ i» 

Kouge 4 „ 

Add a few drops of hydrosulphate of ammonia and 
water. 

IL 

Chromate of lead 2 ounces. 

Prussian blue 2 m 

Plumbago 4 pound. 

Sienna powder . in 

Lac carmine in 

Add suflScient water to make a paste. To this may 
be added either chloride of platinum, or hydrosulphate 
of ammonia^ according to the taste of the manipulator. 

Another bronze may be made by mixing a little 
rouge, crocus, and hydrosulphate of ammonia in water; 
this should be applied several times, in order to give a 
body to the bronze. 

Having given the principal facts connected with 
the electro-deposition of copper, suflScient I hope to 
enable the student to pursue the subject with ease and 
success^ I now proceed to describe the various pro- 
cesses of Electro-Plating, in which I trust to present to 
the reader some useful practical information. 

ELECTRO-DEPOSITION OF SILVER. 

The most important of all the arts of electro-deposj 
tjon is that denominated " electro-plating." This beau- 
ti/uJ art is now practised to avast exteut mliorvdow^ 
ShefSeldj Birmingham, and Paris, ikttida^, c\i\^^>^ 
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made of German silver^ are coated with fine silver^ and 
thus, to a great extent, supersede the ordinary Sheffield 
and Birmingham plate; whilst old articles from which 
the silver has worn off can be replated^ and thus rendered 
eqnal^ and in some instances, superior to new. 

Previous to the discovery of this art, when the silver 
had disappeared from the surfaces of plated articles by 
long usage, they became useless, as there was no process 
known by which the articles could be re-silvered. 

Since the first introduction of the art, many have 
worked it with considerable success, and in the principal 
towns in England, Ireland, and Scotland, there arc 
manufactories in which, annually, a vast amount of 
silver is deposited upon articles of various construction, 
and yet there is no superabundance of electro-platers ; 
for I believe that if there were ten times the number, 
they would all do well, and for this reason : — the 
amount of plated goods now manufactured all over 
the kingdom far exceeds that made in the old days of 
Sheffield and Birmingham plate ; and the silver which 
is deposited on these goods must be replaced as it 
wears off, in the progress of time, by the electro-plater. 
Again, many persons now use plated German silver 
goods in preference to silver, either owing to their 
superior beauty, their being less tempting to the 
marauder, or more economical to purchase. And when 
we bear in mind the vast quantity of electro-plate which 
is to be found in the hotels, restaurants, and private 
houses in the united kingdom — which is daily having 
its silver rubbed and scrubbed off, there is good reason 
to believe that the electro-plater'a i^erro^^ ^\VV \i!^ ^3k.« 
tensivelf required, in proportioiL t& ^i^v^ TEi'KKvfi»K^»ss 
and consumption of electro-pVate TpTo^tew^e;^* 



40 ELECTRO-METALLURGY. 

There are many solutions employed in depositing 
silver upon various metals^ from wbieli we will select 
those most likely to succeed with the beginner and the 
practical man. The proportions of the materials used 
being the same in small or large operations^ the mani- 
pulator may easily make up either of the following 
solutions in any quantity he pleases^ from a pint to 1000 
gallons or more. 

Silver Solutions. — In making any of these solu- 
tions, perfectly ^n^ silver must be employed ; or, if it is 
desired to use standard or other impure silver, it will 
be better to purify the silver by first dissolving it in 
nitric acid ; then add about one quart of cold water to 
the acid solution obtained from dissolving four ounces 
of silver. Now throw in a few pieces of sheet copper 
to precipitate the silver, and proceed as described at 
page 93. When the pure silver is thus obtained, it is 
to be again dissolved in two parts water and one part 
nitric acid. 

Solution I. 

Fine Bilyer . . ... . . .1 ounce. 

Nitric acid about 1 

Water i 



»» 



Put the silver carefully into a Florence flask, and then 

pour in the acid and water ; place the flask on a sand 

bath for a few minutes, taking care not to apply too 

much heat, and as soon as chemical action becomes 

violent, remove the flask to a cooler place, and allow 

the action to go on until it nearly ceases ; when, if 

there be silver still undissolved, the flask may be again 

pJaced on the sand-bath until the silver disappears. If, 

however, the acid employed has been -we^k, S\. xaa*^ \i^ 

necessary to add a little more. The xed ?wme% Wm^^ 
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when chemical action is going on disappear when the 
rilrer is dissolved or when the acid has done its work. 
If a little black powder be visible at the bottom of the 
flask^ it may be taken care of separately, as it is gold. 
I have frequently found gold in the silver purchased of 
a refiner; in some instances more than sufBcient to 
pay the expense of the acid employed. 

The nitrate of silver formed during the above opera- 
tion should be carefully poured into a porcelain or 
Wedgwood capsule, and heated until a pellicle appears 
on the surface, when it may be placed aside to crystallise. 
The uncrystallised liquor should then be poured from 
the crystals into another capsule, and heat applied until 
it has evaporated sufBciently to crystallise. When this 
is done, the crystals of nitrate of silver are to be placed 
in a large jar or other suitable vessel, and about three 
pints of cold distilled water added, the whole being 
well stirred with a glass rod until the crystals are 
dissolved* 

A quantity of carbonate of potassa is now to be dis- 
solved in distilled water, and some of the solution added 
to the nitrate of silver, until no further precipitation 
takes place. It is advisable occasionally to put a little of 
the clear solution in a glass, or test-tube, and to add a 
few drops of the solution of potassa, in order to ascertain 
whether all the silver is thrown down, or otherwise ; as 
soon as the application of the alkaline solution produces 
no effect upon the solution of nitrate of silver, this 
operation is complete* 

The supernatant liquor (that is, the fluid which remains 
above the precipitate) should next be carefully poured 
off the precipiiAted silver, and fresYi 'watet «AAfc^s'0«\\SA 
gain allowed to settle, and tVve vf«itct -^"^^^ ^^ ^ 
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before, which operation should be repeated several times 
in order to wash the precipitate thoroughly. 

A quantity of cyanide of potassium is then to be dis- 
solved in hot or cold water, and rather more than is 
sufficient to dissolve the precipitate added. In a few 
minutes the carbonate of silver will be dissolved by the 
cyanide, but in all probability there will be a trifling 
sediment at the bottom of the vessel, which may be 
separated from the solution by filtration, and preserved, 
as in all probability it will contain a little silver. 

Sufficient water is now to be added to make one 
gallon of solution. Should the solution be found to 
work rather slowly at first, a little of the solution of 
cyanide may be added from time to time, as it is 
required : but it is preferable, in working a new solu- 
tion, to have as small a proportion of cyanide as pos- 
sible, otherwise the articles may strip, but more espe- 
cially if they are composed of German silver. 

When a silver solution has been worked for some 
length of time, it acquires organic matter, and is then 
capable of bearing, without injury, a larger proportion 
of cyanide. 

It is necessary that the nitric acid employed for dis- 
solving silver should be of good commercial quality, if 
not chemically pure, for if it contains hydrochloric acid 
(which is not an unfrequent adulteration), a portion of 
the silver dissolved will become precipitated in the form 
of a white flocculent powder (chloride of silver), and 
the success of the operation is thereby impaired. 

Solution II. — Dissolve two ounces of silver, in 
/fro parts nitrio acid and one part water, and crystal- 
-ffse as before, then drain and dry ^iJ[i<a cty^\,^\& 
^orougbly. Dissolye the crystals m ^o\x.\i \m)M ^ 
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gallon of distilled, or rain, water. When the nitrate 
of silver is thoroughly dissolved, pour into the solution 
gradually, stirring all the time, a strong solution 
of cyanide of potassium (about half a pound of cyanide 
to one quart of water). A dense white precipitate will 
be formed, and this must be allowed to repose for 
awhile and the clear liquor tested to ateertain if all 
the silver has been thrown down. Put a little of the 
cleat liquor in a wine glass or " test-tube," and add to 
it a drop or two of the cyanide solution. If this 
assumes a milky appearance, more cyanide must bo 
added, but this must be done cautiously, otherwise the 
precipitate will become redissolved by the cyanide. 
If by chance an excess of cyanide has been added, a 
little nitrate of silver solution must be poured in, which 
will combine with the excess and thus properly balance 
the proportions. 

The precipitate must now be allowed to subside, 
when the clear liquor is to be poured off and washed 
as before. Strong cyanide solution must next be 
added, when the precipitate (cyanide of silver) will 
become dissolved. As it is necessary that a certain 
amount of free cyanide should be present in the silver 
bath, the remaining cyanide solution must be added, 
and well stirred in. 

Solution III. — A solution for depositing solid 
silver was patented by Mr. Alexander Parkes in 1871. 
One ounce of fine silver is converted into nitrate as 
usual, and the silver thrown down in the form of 
oxide by a solution of caustic potash. The oxide is 
then dissolved in a solution of cyanide of potassium 
made bj dissolving 16 ounces o( cyanViSLi^mV^^ ^i^<3^^ 
?/ water. In working the abovo "gTOC.^^^^^^sas^'S^^ 
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that the cyanide should be of first-rate quality, other- 
wise with 80 small a proportion of silver to the gallon 
(half, an ounce) the operation would be very slow. 
Some commercial cyanide we have met with would be 
useless for the above solution. 

Solution IV, — One ounce of fine silver treated as be- 
forie, and dissolved in three pints of distilled water. Pre- 
cipitate with a strong solution of common salt, and wash, 
as above directed. Dissolve the precipitate with a strong 
solution of cyanide of potassium, taking care not to add 
much more than will dissolve the chloride of silver. 
Filter carefully, at least once through the same filtering 
paper and once through clean filtering paper, and then 
add enough distilled water to make one gallon of solution. 

The above solution is very useful when it is desired 
to plate an article delicately white, but the silver is 
liable to strip when the burnisher is applied to it. This 
solution, however, may be employed with less fear of 
the work stripping, if it be used weaker, with a small 
surface of anode and feeble battery power. 

Under all circumstances this solution is more applic- 
able to surfaces which only require to be scratch- 
brushed, or which are to be left dead. Chased figures, 
clock-dials, cast metal work, &c., may be admirably 
plated with this solution. 

Solution V. — One ounce of fine silver, as before, 
and the crystals dissolved in three pints of distilled 
water. Add strong solution of cyanide of potassium 
until no further precipitation takes place. If too mucb 
cyanide is added, it will re-dissolve the precipitatCr 
Pour off the supernatant liquor and wash the silver as 
before. Now add strong solution o£ cy^imda to dl^^olve 
Ae precipitate. Make one gallon witti d\%^^e^ N^^Vet, 
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The solution should have a moderate excess of cyanide^ 
and it must be filtered before using. 

Solution VI. — A silver solution may be made by 
dissolving one ounce of silver as before. Dissolve the 
crystals in one pint of distilled water. Next be pre- 
pared with a large vessel full of lime-water^ made by 
adding recently slaked lime to an ample quantity of 
water^ which^ it must be remembered^ dissolves but a 
very small per-centage of lime. To the clear lime- 
water is to be added the solution of nitrate of silver, 
which will be converted into a dark brown precipitate 
(oxide of silver). When all the silver is thrown down, 
the clear liquor is to be poured off^ and the precipitate 
washed as before. Now add strong cyanide of potas- 
sium solution to dissolve the oxide of silver^ and make 
one gallon with distilled water. 

This makes a very excellent solution^ although it is 
somewhat troublesome to prepare. 

Solution VII. — Dissolve in one gallon of water one 
ounce and a-quarter of cyanide of potassium^ in a 
sto'j.e-ware or glass vessel. Fill a porous cell with some 
of this solution^ and place it in the larger vessel ; the 
solution should be the same height in both vessels. 
Then put a piece of sheet copper or iron^ connected 
with the wire which proceeds from the zinc of the bat- 
tery, into the porous cell. Place in the stone vessel a 
piece of stout sheet silver, which must be previously 
attached to the wire issuing from the copper of the 
battery. It is well to employ several cells alternated, 
for this purpose, when a large quantity of solution has 
to be prepared ; that is to say, the zinc of one halterj 
»houM be united by a wire witYv the co^^ex ^l^'^XiS:^^ 
mdaoon. In a few hours ttie %o\\A\OTvVix^'^\Kt^fe^^ 



4 ELECTRO-METALLURGY. 

vessel will have acquired sufficient silver^ and the solu- 
tion may be at once used. The porous cell is to be 
removed, and its contents may be thrown away. 

In working this solution at first it is necessary to 
expose a rather large surface of anode, and small quan- 
tities of cyanide must be added occasionally until the 
solution is in brisk working order. 

This is one of the best solutions, when carefully 
prepared, and is less liable to strip than many others. 

Solutions of silver may be prepared by precipitating 
the silver from the solution of nitrate with ammonia, 
soda, magnesia, &c., &c., but for all practical purposes 
the solutions I., IV., V., VI., and VII., may, if care- 
fully prepared, be depended upon. 

When it is desired that the articles should come out 
of the bath having a bright appearance, a little bisul- 
phuret of carbon is added to the solution. This is best 
done in the following manner : — Put an ounce of bisul- 
phuret of carbon into a pint bottle containing a strong 
silver solution with cyanide in excess. The bottle 
should be repeatedly shaken, and the mixture is ready 
for use in a few days. A few drops of this solution 
may be poured into the plating bath occasionally, until 
the work appears sufficiently bright. The bisulphuret 
solution, however, must be added with care, for an 
excess is apt to spoil the solution. In plating surfaces 
which cannot easily be scratch-brushed, this brightening 
process is very serviceable. The operator, however, 
must never add too much at a time. 

In making up any of the foregoing solutions the 
weights and measures employed are troy, or apothe- 
cariea' weight, and imperial meaa\ire} ^l t^^l^ of which 
will be given at the end of this voVuma* 
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Having at command any of the solutiooB described, 
the operator may next arrange the battery. A plate 
a, a, a, or sheet of ailver, is to be attached to the vire 
isiuiiig &om the copper of the battery b, and supported 
by a brass rod d; this may be done either by sddering 
them together or aniting them vith a suitable binding 
screw; but the best plan of attachiog the anode, or 




sheet of silver, to the copper vire is aa follows : — Cut 
a strip to within half an inch or so ; this strip may 
be united to the wire by a biading screw or soldered. 
If cast plates of silrer are used, it is advantageous to 
have them cast with an extra piece, about three inches 
long at the comers, to attach the copper wire to. 

The object in adopting either of the above arrange- 
ments is to prevent the copper wire entenng the bath, 
as this is much impaired by allowing the copper to be 
immersed in the cyanide solution, whether deposition 
is taking place or not. Copper, if left in the bath for 
any length of time, even unconnected with a battery, 
will reduce a portion of the silver from the solution, 
an equivalent of the copper taking its place. This is 
especially the case when a large quantity of fi-ee cyanide 
is present. 

A brass rod e, irith a binding screw ao\4eieA.OT «Ktfc"«^ 
m one end of it, is now to be sAtacVei Vi ^ft -Ba^\'«* 
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wire of the battery. The articles to be coated may be 
suspended to this rod by pieces of clean copper wire ; 
the wire used for this purpose may be rather thin, yet 
sufficiently strong to bear the weight of the articles. 
The thinner the wire is the less mark will be made 
upon the articles coated — a very important considera- 
tion in some cases, especially where spoons and forks 
are to be plated. This wire is termed " slinging wire.'^ 
The size I generally prefer for spoons and forks is 
about ^nd of an inch in thickness. The rods from 
which the anodes and goods to be plated are suspended 
must be kept quite clean and bright, by rubbing with 
emery cloth. 

Preparation of New Work to be Plated.— Ger- 

man silver spoons and forks may be first placed in a hot 
solution of caustic soda or potassa (made by livixing 
recently-slaked lime with a concentrated hot solution 
of either soda or potassa, and allowing the lime to sub- 
side, the liquor is ready for use when further diluted), 
in order to remove any grease which may be upon 
them. A few minutes will efi'ect this, as the caustic 
alkali very readily converts the small amount of grease 
generally on these articles into a soapy substance, easily 
removable by water. This process, however, is not 
indispensable ; I seldom adopt it. 

The spoons, &c., may now be well brushed with either 
powdered pumice-stone or powdered bath-brick (I 
prefer the latter) and water — a hard brush being ap- 
plied to the purpose. This cleansing process is carried 
on until all the polish of the spoons is removed ; and 
the fingers wbicia. hold the articles should be kept well 
charged with the powdered matenaX, to ^TevexvX. «cl^ 
Srease or perspiration being impaited to t\iQ ^otV, A^ 
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cleaning spoons, it is advisable to begin at the inside 
of the bowl, and then to proceed to the other parts ; 
lastly, going over the whole surface lightly, to render 
it uniform after the necessary handling it has been 
subjected to. A little practice will soon render the 
operator expert in these important details. The spoons, 
&c., are to be placed in clean cold water as soon as 
they are brushed, and are then ready for the bath. The 
slinging wires may now be attached. 

When a solution is newly made, the work is apt to 
be irregularly coated at first, therefore it may be neces- 
sary to take the articles out of the bath about ten 
minutes after their first immersion, and to give them 
another slight rub with the brush and powdered ma- 
terial as before, when they should be again rinsed and 
placed in the solution. 

If it is desired to give the spoons a very strong coat- 
ing of silver, it is well, after a few hours' immersion, to 
remove them from the bath, and to submit them to the 
action of a lathe scratch-brush (consisting of a '^ chuck,'' 
with several bundles of fine brass wire attached to it. 
upon which beer or weak ale is allowed to run from a 
small barrel, with a tap to it, from above). This process 
will burnish down the white "burr," as it is called 
and which consists of minute crystals of fine silver, 
and will prevent the coating from becoming rough. 
After the articles are scratched they should be rinsea 
in clean water, and again placed in the bath until done. 
The spoons maybe lightly brushed over with moistenea 
silver sand instead of being scratch-brushed, but the 
latter is preferable. When the good^ \vaN^ x^^m^'o. 
the required coating they are again act^iX.^'bftL, «sA ^'Wi. 
then be 6nishedj either by the biirmsViet ot -^vKv^^^- 



50 ELECTKO-METALLURGY. 

If the operator desires to know exactly how much 
silver is deposited on a given quantity of work, this 
may be done by weighing the article before and after 
immersion ; or, by weighing the anode each time, he 
may form a tolerably correct estimate of the amount 
of silver deposited, for thp anode generally supplies the 
solution with the amount of silver taken from it by the 
articles coated, that is to say, if all circumstances have 
been favourable. 

When the* articles are first placed in' the bath, a suf- 
ficient surface of anode should be exposed (that is, 
immersed in the solution) to enable the goods to become 
whitish in the course of a few seconds. If they assume 
this appearance the very instant they enter the bath, 
the process is going on too quickly, and the articles 
will be liable to " strip/' I regulate the speed of the 
operation of electro-deposition almost entirely by the 
anode, and I prefer exposing a small portion of this 
electrode at first, until the goods are uniformly covered, 
when the anode is lowered, little by little, until suf- 
ficient is exposed to carry on the operation with requisite 
speed. But the state of the solution and the battery 
must also be carefully attended to. 

Large goods — for example, tea-pots, cruet-frames, 
tea-urns, fee, maybe treated in the same way as spoons 
and forks, but care must be taken that no impression 
of the fingers be left on any of the plain surfaces, as in 
such case a roughness will occur at that part. 

Preparation of Old Work to be Plated.— 

SheflSeld or Birmingham plated cruet, soy, and liquor 
frames, &c., from which the silver has worn off, should 
£rst have the bottom separated ixom. ttxemte, ev^^x \s^ 
vasoldering or unscrewing, as t\ie e^iS^ tii^^ \i^% ^\>^ 
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bottom^ if it is very rough, may be irendered smooth 
by means of emery cloth, or pumice-stone and water, 
aad emery cloth afterwards. It may be finished with 
water-of-Ayr stone. The cruet-frame wire may gene- 
rally be made smooth with emery cloth only. 

As soon as the parts of the frame are smooth, the 
edges, feet, &c., may be brushed with a hard brush aud 
powdered Bath brick, until all the interstices are quite 
clean. If there be any verdigris on any part of the 
frame it may be removed immediately by applying a 
few drops of hydrochloric acid {'' spirit of salt '') to the 
part. When the edges have been well brushed, the 
frame should be brushed all over in the same way, 
and it is then ready for the solution. But if the 
edges or mounts are lead ('^silver edges'' they are 
generally termed), it will be necessary to apply, with a 
rather soft brush, a solution made by dissolving four 
ounces of mercury in nitric acid, and adding about 
half-a-pint of cold water. This solution is to be lightly 
brushed over the lead mounts only; the article and 
brush are then to be well rinsed, and the brush and 
plain water again applied in the same way. The solu- 
tion of mercury will turn the edges black, or dark grey, 
but the subsequent brushing will render them bright 
again. The frame is now to be well rinsed and is 
ready for the depositing bath. If, on its first immer- 
sion, any black spots exhibit themselves, the frame 
may be removed, again brushed over, and finally re- 
turned to the bath. If the edges do not receive the 
coating of silver as readily as the other parts, the 
solution may require a little more cyaaidie, Oit ^\.x^\i.^(!^^^ 

tlie power of the battery, or by incre^&m^ >i\\'^ wxt^'^^ 

*fthe anode tbia may be accomp\ial[ied« 
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I have successfully coated these lead edges by apply 
ing a solution of sulphate of copper a^ with a little free 
sulphuric acid in it, thus; — I dip one portion of the 

edge at a time in 
the solution of 
sulphate of cop- 
per, and with a 
piece of iron J, 
I touch the lead 
edge c, in solution, and this in an instant becomes 
coated with a bright deposit of copper. This is now 
rinsed, and the next part of the edge is treated in the 
same way, and so on. By this plan lead edges may be 
coated with great facility and certainty of success. 

Generally, underneath the bottoms of cruet frames is 
a coating of tin ; and as this metal is very troublesome 
to plate, unless in a solution made expressly for it, I 
prefer removing the tin, either by means of nitric or 
hydrochloric acid (the latter being rather a slow pro- 
cess), or with emery cloth and pumice; but nitric 
acid, employed with care, is the quickest plan. 

When it is wished merely to whiten an article with 

silver, the amount deposited being of no consideration, 

solution No. 4, described at page 44, should be used. Let 

us suppose that a time-piece dial be the object to be 

whitened. The dial is first cleaned with a brush in the 

ordinary way, until all the old silver (if any) is removed ; 

it is then rubbed with a piece of chamois leather and finely 

powdered Bath brick, slightly moistened; it is better 

to pass the leather over the surface in circles, so as to 

render the face as uniform as pombVe «i\id to prevent 

^ie deposit from being patchy. TVve aL\«\\a\X!kaTi\.o\«^ 

rinsed in quite clean water and susipeudeA m \)ftft\i«5iJ5u 
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If the finger has been allowed to touch the face of the 
dial, it will be found that that part exhibits a dulness 
corresponding to the form of the skin of the finger, and 
it will be necessary to rub the dial as before with the 
chamois leather. The dial should be supported by the 
edges only. A few minutes' immersion will be sufficient 
to whiten a dial. When done, it is to be plunged into 
boiling water, and allowed to dry spontaneously, or be 
placed in perfectly clean box saw-dust. 

Articles which are to be left with a dead- white sur- 
face, may be prepared in the same way, but they 
require to remain longer in the bath ; in fact, till they 
assume the characteristic dead-white appearance. They 
are then to be placed in boiling water, and finally in 
box-dust, the latter being removed by means of a 
soft brush. 

When it is necessary to whiten goods very quickly, 
the solution may be weakened with hot water, and the 
temperature raised to about 130° Fahr. The surface of 
anode exposed must be less than if the solution were 
to be worked cold. Moving the articles about in the 
solution occasionally, ensures uniformity and improves 
the whiteness by giving it a slight transparency. 

When any of the solutions have been in use for some 
length of time, their conductibility may be augmented 
by adding a little cyanide of potassium. After the 
first few days the solution generally works better than 
when newly made; therefore it is not advisable to 
make any alteration in it until it begins to work rather 
tardily, when the additional cyanide may be added. I 
have invariably found that a solution that has been 
worked for several years has given \ie\,\.eT x^'sqNJv.'^ •Owkol 
one recently made, and I have iie\et ^^ V«t^ ^i«^ 
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pelled to resupply the solution with silver; this is 
simply because I have taken care to work with a suffi* 
cient surface of anode, with battery power of feeble 
intensity, and with enough free cyanide in solution to 
cause the anode to yield as much silver to the bath 
as the plated articles have from time to time removed 
from it. 

Iron is by no means an easy metal to coat with 
silver. It may, however, be successfully plated with 
care. The iron article should first be well cleaned 
and rendered free from rust, either by rubbing with 
emery cloth, or by dipping it into a pickle composed of 

Sulphuric acid ...... 2 ounces. 

Hydrochloric acid 1 onnce. 

Water 1 gallon. 

It may remain in this pickle until the oxide or rust 
becomes easily removable by a brush and wet sand. 
If it be found, on removing the articles from the pickle, 
that the oxide does not brush ofif easily, it should be 
returned to the pickle-bath. When the surface is 
merely rusty, strong hydrochloric acid alone will remove 
the rust and render the article at once clean and ready 
for the sand-brush. The articles when cleaned and 
well rinsed, may be placed in the alkaline solution of 
copper bath, described at page 35, and allowed to 
remain until they have received a slight coating ; they 
may then be rinsed and placed in the silvering bath; 
or the articles may be electro-brassed by any of the 
processes hereafter to be described, and then immersed 
in the plating bath. 

It is better to deposit a coating either of brass or 
copper upon an iron surface, to inaxirc s\xcce%%, C»«^^^x 

adhere well to iron, but silver \riW ivoX., \Xiet^^oT^ 
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copper acts the useful part of a '^ go-between/' thereby 
preventing the disagreement that might arise were two 
metals^ so antagonistic to each other as silver and iron, 
allowed to come in contact. 

The solution in which iron is to be plated should be 
weakened with about fifty per cent, of water. 

Britannia metal^ pewter^ and all combinations of 
lead and tin^ are best plated in a solution containing a 
good deal of free cyanide. Deposition should be 
suffered to take place quickly at firsts so as to insure 
the deposit going well all over the article. A larger 
surface of anode^ also^ must be exposed than would be 
required for Oerman silver work — probably three times 
the surface. 

The battery power must be energetic^ but not too 
intense. Two 4-gallon cells of the battery described at 
page 10 will be sufiScient for objects of considerable size. 
Articles made of Britannia metal^ &c., should not be 
disturbed while in solution. They may^ however^ be 
shifted now and then so as to expose a fresh surface to 
the anode^ for the sake of causing uniformity of deposit, 
but it is not advisable to let the solution be agitated 
more than is absolutely necessary. This caution, how- 
ever, is chiefly applicable to the period when the articles 
are first immersed in the bath. 

The goods may be prepared for plating by brush- 
ing them over with silver sand and water, with a 
moderately hard brush, instead of the powdered Bath 
brick used for other metals. The articles may be 
cleansed from grease by placing them for a few 
minutes in a hot solution of caustic soda. 

If the artidea, when they \ia\e beeti ^^^jm^^ycl^C^iR. 
flating bath for a few moments, ^te^evL^* «cl '^MSkfe^^ 
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surface, it is advisable to remove them, and have them 
brushed over again as before ; then, after well rinsing, 
they should be quickly returned to the bath and 
allowed to remain without further disturbance i( 
possible. 

The readiest mode of plating articles of lead, tin, or 
sine, is to previously cover them with a film of brass, 
in the brassing bath : or with copper, in the alkaline 
coppering bath. Either brass or copper will adhere 
firmly to the surface of these metals, and the silver may 
be deposited on the coppered or brassed surface with 
perfect facility. After the articles have been removed 
from the copper or brass bath, they should be well 
scratch-brushed and rinsed before placing in the plating 
bath. 

When an article has been plated and is found to 
strip or blister in many places, it will be necessary to 
remove all the silver from the surface and plate it again 
more carefully. There are two kinds of blistering; 
the first is the non-adherence of the silver to the article 
coated ; the second, the blistering or doubling of the 
metal of which the article is composed. When the 
blistering is of the first kind, the article, after the 
silver has been removed by the process described below, 
may be rendered smooth with water-of-Ayr stone pre- 
vious to being replated; but if the metal itself has 
blistered when the burnisher was applied to it, the 
blister must be scraped, buffed, or filed down, and the 
surface made smooth in the ordinary way. 

The silver is removed (or " stripped ") from articles 
thus : — Put some strong sulphuric acid into a stone jar 
or enamelled ^taucepan, and add aie^ (^i^eX^^oi m\>T%.l<^ 
oIpot&aBa (saltpetre). Apply lieat\mti\^\ieTL\\.T«i.^\%^A& 
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sobred. When this solution is very hot the articles are 
to be immersedj and occasionally moved about until the 
silver becomes entirely dissolved from the surface. The 
removal of the silver will become manifest by the metal 
beneath being exposed at the edges. The operation must 
then be closely watched in order to prevent the articles 
remaining longer in the solution than is absolutely 
necessary. If the above solution does not remove the 
silver quickly^ more nitrate of potassa must be added 
from time to time^ and the heat augmented if required. 

When a quantity of things have been stripped in the 
solution it will begin to work slowly, and a mass of 
crystals will be found at the bottom of the vessel as it 
cools. It will be better now to add a quantity of cold 
water to the solution^ and to immerse in it some pieces 
of zinc, which will throw down the silver in a metallic 
state, but in minute crystals of a greyish colour. By 
dropping a little hydrochloric acid into the solution the 
operator will be able to judge whether all the silver is 

deposited or not. The acid will form a white precipitate* 
so long as there is any silver in solution. When 
all the silver is precipitated, the supernatant liquor may 
be poured off carefully and fresh water added to wash 
the precipitate, which process should be repeated several 
times in order to render the silver as clean as possible* 
The pieces of sine should be removed before the final 
washing of the silver. The silver may now be dried and 
put into a crucible (being previously mixed with a little 
dry powdered potash), and heated in a furnace until all 
the metal is gathered into a button. During the process 
of fusion, a few crystals of nitrate of potash m&Y he 
carefully dropped into the cruciVAe. T!Vi^ «\\^^ *Owm^ 
obtained will be perfectly fine. 

• Chloride of silveT. ^ ^' 
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Or the silver may be precipitated from the stripping 
solution by means of common salt, when chloride of 
silver will be formed, which may be dried and fused in 
the same way as above, previously beiug mixed with a 
little soda or potassa, to form a flux. 

The articles may be stripped in the plating bath, by 
suspending them in the place of the anode, but this 
plan is apt to injure the solution, by imparting to it a 
portion of the copper or other metal of which the 
article was made. Or the silver may thus be precipi- 
tated upon the end of a wire, enclosed in a linen bag 
to collect the small granules of silver which will fall 
from the end of the wire. A powerful current would 
strip the silver oflF in a very short time. A small 
quantity of solution containing excess of cyanide should 
be kept for this purpose alone. 

Deposition of Silver upon Non-Metallic Sub- 
stances. — Silver may be deposited in the same way as 
copper by the electrotype process, but as cyanide ot 
potassium rapidly dissolves wax, it will not be advisable 
to employ moulds made of that material. Gutta percha 
is better, but even this substance is acted upon by cya- 
nide of potassium. Moulds made of fusible metal are 
however, more suitable for this purpose. When the 
cyanide solution of silver is employed for depositing 
upon or for copying non-metallic substances, the bath 
should have at least six times as much silver as that 
required for the ordinary process of plating. 

A solution of nitrate of silver, if not too strong, will 
answer well for depositing upon plumbagoed surfaces, 
but this solution must not be employed for depositing 
upon copper or other metallic snxiaces. 
The backs of copper moulds wYiida. wce\.o'Vi^^Q%^«^ 
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inth silver should be covered with some material to 
prevent the silver being deposited on those surfaces ; for 
this purpose it has been recommended to boil a little 
pitch in a strong solution of potassa^ which will form a 
sediment. Some of this sediment is added to a quan- 
tity of melted pitch, at which time a violent action 
ensues, white fumes being evolved. Allow this action 
to subside, and the resulting material will be ready for 
use. Melted gutta percha will also answer tolerably 
well for protecting the backs of metallic moulds. 

There are many other practical points in the electro- 
deposition of silver, which we deem it advisable, for the 
reader's convenience, to give in the form of an Appendix 
at the end of this work, to which he will prudently 
refer when desirous of practising the art of electro- 
plating, &c. 



ELBCTRO-DEPOSITION OP GOLD. 

In importance, electro-gilding is second only to the 
art of electro-plating ; and it is carried on in much the 
same way. The solutions of gold, however, should be 
generally worked hot ; hence the operation of gilding 
is conducted in a much shorter space of time than is 
required for plating. An article may be well and 
strongly coated in a few minutes, whilst it would require 
several hours to electro-plate an article well. 

There are many forms of solution in use amongst 
electro-metallurgists, all of them varying in the propor- 
tion of gold to the gallon of water, and in the amount 
of cyanide employed. These solutions are all of theta 
easiljrmadej and any of them can be 'w^^oitW'^^^s^ ^ 
BkiJfuJ operator. Some gilders u^e ^Ne ox i\iL^'««^ 
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weights of gold to the quart of solution — others as 
much as eight or ten dwts. ; but I have generally 
found that a solution containing less gold will give 
better results than one richer in the metal^ independent 
of the advantage in point of economy. I have observed 
that a bath containing five or six dwts. of gold to the 
quart of water^ and the necessary proportion of cya- 
nide^ and worked with several united cells of Smee's 
battery^ has required a much larger surface of anode to 
be exposed to a given surface of negative electrode 
(that is, the aiiicle to be gilt) than would be required 
to gild an article in a solution containing one and a 
half dwt. to the quart of solution worked with a single 
cell of a constant battery. Hence I infer that the 
weaker solution is the better conductor of the two. 

Gold Solutions.— Solution I.— Dissolve in a Flo- 
rence flask one pennyweight and a half of fine gold in two 
parts hydrochloric acid and one part nitric acid {aqua 
'regia)y applying gentle heat to accelerate chemical 
action. When the gold is all dissolved, pour the chloride 
of gold thus formed into a porcelain capsule and apply 
moderate heat until all the acid is evaporated. A red 
mass will result. It is advisable, when the acid is 
nearly expelled, to move the capsule round and round, 
so that the liquid may be dispersed over a large surface 
of the vessel. It will be found that the liquid will cease 
to flow when the acid is expelled, at which period the 
operation is complete. If too much heat is applied the 
gold will become reduced to the metallic state, which 
may be known by the red mass acquiring first a yellow 
imgBj and next a gold bronze will be observed at the 
bottom of the capsule. In sncli a c^^ae \t m\\ \i^ neces- 
ttuyr to add a little more of the mbied ad&s'm >i>a^^ ^^o^^ 
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proportion as before^ which will at once redissolve the 
reduced gold. 

When the acid has been driven off the chloride of 
gold, about half a pint of cold distilled water is to be 
added, which will at once dissolve the chloride, forming 
a bright straw-coloured solution. Allow this to subside 
for a few minutes, as in all probability there will be a 
small amount of white precipitate at the bottom of the 
vessel, which is chloride of silver; the solution of gold 
must be carefully poured off from this precipitate, as it 
is soluble in cyanide of potassium, and its presence in 
the resulting solution may be prejudicial. A little 
distilled water may be poured into the capsule, to rinse 
away all the gold, taking care not to allow the sediment 
to come away with it, when transferring the rinsings 
to the solution of gold. 

A little strong solution of cyanide is now added, gra- 
dually, to the solution of gold, and the whole stirred with 
a glass rod. The gold solution will instantly lose its 
yellow colour. A brown precipitate is formed by the 
solution of cyanide, and this solution must be added drop 
by drop until it produces no further effect upon the clear 
solution. The supernatant liquor is now to be care- 
fully poured off, and fresh water added several times to 
wash the precipitate of gold — taking care not to waste 
any of the precipitate nor to add more cyanide than is 
absolutely necessary. When the precipitate is suffi- 
ciently washed, more of the solution of cyanide is added, 
which will at once dissolve the precipitate, forming a 
clear solution. The cyanide should be added in excess, 
say about twice as much as may be required to dissolve 
the precipitate. The concentrated *cAx>.NiAft\v qR. ^^^mi^^ 
of gold thus obtained is placed ov« >JtL'fe ^t^ ^^ ^'^' 
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sand-bath until it is evaporated to dryness, when it 
may be again dissolved in cold water and filtered for 
use. Lastly, enough boiling distilled water is added to 
make one quart of solution, and a little additional cya- 
nide added if the solution is found to work too slowly 
at first — but it is better not to use more cyanide than 
is necessary, otherwise the anode will become rapidly 
consumed and the gilding be of a '' foxy '' colour. 

Solution II. Dissolve one and a half dwt. fine gold 
as before, and evaporate to dryness. Re-dissolve in 
half a pint of distilled water and precipitate the gold 
with ammonia, taking care not to add more ammonia 
than is necessary. Pour oflF the supernatant liquor and 
wash the precipitate as before. Now add sufficient 
cyanide of potassium to dissolve the precipitate. Evapo- 
rate to dryness, and re-dissolve with cold distilled water. 
The solution is then to be filtered, and distilled water 
added to make one quart. A little cyanide is to be 
added occasionally, as required. 

Solution III. Dissolve one dwt. and a half as before, 
and when the half pint of solution of chloride is obtained, 
precipitate the gold with hydrosulphate of ammonia. 
A copious black precipitate is formed, which must be 
allowed to subside, and this substance then washed as 
before directed. Dissolve the precipitate with a lump 
of cyanide — say about half an ounce, or rather less ; 
and evaporate to dryness. Then add water to make one 
quart. 

Solution IV. Dissolve the same quantity of gold as 
before, but without evaporating the acid. Add a 
quantity of calcined magnesia, which will precipitate 
the gold in the form of an oxide. To the oxide add 
sufficient concentrated nitric acid (applying heat at the 
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same time) to dissolve the magnesia, when the oxide 
will be left in the form of a precipitate, which is to be 
well washed, and then solution of cyanide added to 
dissolve it as before. Evaporate and make one quart 
of solution with distilled water. 

Solution V. Dissolve one ounce of cyanide of potas- 
sium in one quart of nearly boiling distilled wa^er. 
About half fill a "porous cell" with the solution, and 
stand it in the vessel containing the bulk of the solu- 
tion. Attach a piece of sheet copper to the wire issuing 
from the zinc of the battery, and place it in the porous 
cell. Put a piece of sheet gold, attached to the copper 
of the battery by a wire, in the outer solution, and 
allow the whole to remain in action until the solution 
has acquired about one pennyweight and a half of gold, 
which may be ascertained by weighing the gold before 
and after immersion. The porous cell may now be 
removed and its contents thrown away. The solution 
is now ready for use. 

These solutions should be worked at a temperature 
of about 130® F., with one cell of a constant battery. 

The solution of gold may be heated either in an 
enameled saucepan, or in a glass vessel placed in an iron 
pan containing water. The operator now proceeds to 
arrange his battery. The wire which issues from the 
copper of the battery is to be attached to a piece of fine 
gold, which may conveniently be done by soldering. 
The article to be gilt is to be suspended to the wire pro- 
ceeding from the zinc of the battery. 

Preparation of Articles to be Gilt.— Silver goods, 

such as cream ewers, sugar bowls, mugs, &c., should be 
well scoured inside with hot soap and water and silver 
sand, and if they are at all greasy^ a little caxi&tvQ t^odo. 
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may be applied to them first. Or the mugs, &c., may 
be well scratch-brushed and then rinsed with boiling 
water. The insides only of these vessels are generally 
required to be gilt, in which case the outsides should be 
wiped dry before gilding. The negative wire (from the 
zinc of the battery) is to be attached to the handle of 
the vessel. The plate of gold is now to be carefully 

suspended in the centre 
of the vessel, taking care 
that it does not touch 
it; and the gold solu- 
tion may be poured into 
the mug by means of a 
jug or other suitable ves- 
sel, until it reaches the upper edge. If it is desired 
to gild the extreme edge, the solution may be guided 
over it with a piece of wood or glass rod. In about 
five or six minutes the vessel will be suflSciently gilt, 
when the anode may be removed, the negative wire 
detached, and the solution poured into the bath. The 
article is at once to be rinsed with hot water, and may 
be scratch-brushed and burnished in the ordinary way. 
When cream ewers, &c., are so constructed that the 
solution will not reach the lip, &c., without overflowing, 
it is advisable to slightly tilt the vessel so as to cover 
as much of it as possible^ and when it is gilt the lip may 
be dipped into a little gold solution, being attached to 
the battery the while ; but in this case the outside of the 
lip will also receive a deposit. This may be prevented 
by coating the outer surface of the vessel with the com- 
position which we have already described, p. 59. Vessels 
which are to be gilt inside only, diowYd \iei i^laced on a 
pJa^e or disb to collect any solution w\vvc\i mwj t>ml w«t, 
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Silver brooches^ pins^ rings^ thimbles^ egg, salt and 
mustard spoons, &c.^ merely require to be scratch- 
brushed before gilding. After they have received the 
required deposit^ they are again brushed, and if the 
colour be a little too pale or too red, the articles should 
be immersed in the bath again for an instant, and then 
plunged into boiling water, when they will assume a 
beautiful fine gold colour. When well rinsed in hot 
water, the articles are to be placed in box saw- dust, 
which may sometimes be advantageously kept hot for 
this purpose, in order to dry the goods as speedily as 
possible ; but care must be taken that the box-dust be 
not allowed to char or burn^ otherwise it will stain the 
articles. 

Ooods which are made of copper or brass entirely, 
may be dipped into nitrous acid (^' fuming nitric acid " 
or '' dipping acid '') for a moment, and instantly plunged 
into clean cold water; after which process they should 
be again rinsed in fresh water, and at once placed in 
the gilding bath. Or such articles may be merely 
scratch-brushed, rinsed, and then placed in the bath. 

If, when first put in the bath, copper or brass goods 
receive the deposit too quickly, the anode should be 
raised a little out of the solution, so as to expose a 
smaller surface, and the articles should be moved about 
a little, by which uniformity of deposit will be secured. 
In fact, it is advisable always to give the articles a gentle 
motion when first placed in the bath, until they have 
received a slight coating, when they may be allowed to 
remain steady until finished ; but when it is required 
to deposit a stout coating, it will be advantageous to 
more them occasionally, to prevent ttie dL^^oii^ \ai«Oka% 
place unevenly. 
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When goods are made of either copper or brass, 
with mountings of another metal, or if they have been 
previously plated or gilt, greater care must be observed, 
otherwise some parts will receive the deposit favourably 
while others will scarcely be coated at all. This applies 
more especially to goods which have mountings pewter- 
soldered upon them, which is frequently the case in 
common jewellery. In this case all the surfaces will 
receive the deposit but the solder, which, being a bad 
conductor of electricity, and more electro-negative than 
the other metal to which it is attached, will receive the 
deposit but tardily, if at all. I have frequently found 
that the smallest speck of pewter solder which has 
happened to be upon a brooch which I had to gild, has 
compelled me to deposit at least three times as much 
gold as the article required before I could cover the 
speck of solder ; and in many instances not even then 
would deposit take place upon the offending spot. 
Having tried to amalgamate the solder with the gilt 
surface by means of nitrate of mercury, nitrate of silver, 
and both combined and alternately applied ; and having 
scratch-brushed the tardy spot until I was heartily sick 
of pewter solder and everything which it contaminated, 
I at last hit upon a plan by means of which I have ever 
since been enabled to gild pewter solder with ease and 
certainty. I placed a single drop of an acid solution of 
sulphate of copper upon the solder spot, and then 
touched it with a piece of steel : in an instant the solder 
and surrounding surface received a bright deposit of 
copper (which could be strengthened by repeating the 
£>paration several times). The moment the article was 
placed in the gilding bath the spot\ieccim^ eo^\.^d\ in 
Act — copper being easier to gild than ^o\A. — >i\\\^ «^^\ 
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received the deposit in preference, so that my difTicultj 
was speedily and satisfactorily overcome. Many electro- 
gilders, I have no doubt, will find the above plan relieve 
them from a considerable amount of annoyance. 
Generally speaking, however, when the operator finds a 
difficulty in gilding pewter solder, it is owing to the 
bath requiring cyanide, or the exposure of a larger 
surface of anode ; or may be the battery power is weak. 

Instead of the above plan of coating pewter solder, 
the manipulator may put a drop of concentrated solu- 
tion of silver upon the solder, as before, and, on touch- 
ing the part with a piece of fine wire the solder will 
be coated with silver in an instant. I prefer the 
former plan, however, since copper receives the deposit 
of gold more readily than silver. 

In gilding cheap jewellery, French and Birmingham 
fancy goods, and articles which are not required to 
have more than a coloured surface given to them, I 
have found it an economical plan to gild with a copper 
anode^ and as the gold becomes exhausted from the 
solution, to add more gold from time to time, thus 
working from the solution instead of from the anode. 
By this arrangement, the operator is sure not to deposit 
more gold upon his work than is consistent with the 
scale of remuneration for doing the same. 

Oenerally, it is only necessary to scratch-brush this 
class of goods; then having rinsed them in boiling 
water, they are to be dipped into the solution for an 
mstant ; a few seconds only being required to give the 
goods a beautiful colour. 

Silver filigree brooches, &c., must be well scratched^ 
dipped In the bath for a moment anA. \i\ievi tvosr.^ ^cc^. 
tsratcl^ed again : on immeraioni inAXie^i^^Jti^^^^^i^^ 
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time they will become more uuiformly gilt. The sur- 
face of anode mu&l be adequate and the battery power 
brisk, or the filigree work will not receive the deposit 
uniformly. The solder of filigree work is generally 
the most troublesome to gild, but if the current and 
other circumstances are favourable, the deposit should 
take place all over at once ; a want of cyanide in the 
solution is a principal cause of difficulty in gilding 
filigree work. Gently moving the articles about in 
the solution, greatly adds to the beauty and uniformity 
of the result, if all other matters are favourable. The 
solution for gilding filigree goods should contain rather 
more gold than that for ordinary work, and the surface 
of anode exposed must be greater. 

Metal pins, brooches, rings, &c., should be either 
"dipped'' as before recommended, or well scratch- 
brushed before gilding. This class of goods may be 
done on a large scale, in a porcelain vessel like a 
colander, suspended in the bath. The goods, being 
placed in this, merely require to be touched, and 
occasionally stirred about by the negative pole of the 
battery, so as to cover those parts which have been in 
contact with each other. 

Army accoutrement work, sword-mountings, &c., 
should first be prepared by cleaning with silver sand, 
soap and water, applied with a hard brush. The article 
may then be scratch-brushed, and placed in the bath 
until it has nearly acquired a sufficient coating, when 
it is to be removed, rinsed in warm water, and those 
parts which are required to be left dead, gently 
hmsheA over with powdered pumice or Bath-brick. 
21ie article ia then returned to lYie \)«i.t\i ^wAl ^^^^d to 
remain until finished. As *ooii as *\\. \l«a >a^«waa 
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sufficiently gilt, the plain surfaces may be scratch- 
brushed^ and then burnished. 

I have induced my workpeople to burnish gilt- work 
with four-penny ale, instead of soap and water^ and it has 
been considered by them a great improvement^ since 
the burnisher seems to glide over the surface of the 
work with greater ease and smoothness, more especially 
when the gilding has been what is termed " hard '' or 
*' scratchy/' Vinegar has sometimes been applied to 
this purpose, but not, I think, with such success. 

In gilding German silver, the solution may be 
worked at rather a lower temperature, the solution 
weakened, and a less surface of anode exposed. 
German silver has the power of reducing gold from its 
solution in cyanide (especially if the solution be strong) 
without the aid of the battery; as also will brass 
receive a coating of silver in the plating-bath without 
the use of the current, therefore the solution should 
be weaker — in fact, so weak that the German silver will 
not deposit the gold per se; otherwise the deposit will 
take place so rapidly that the gold will peel off when 
being burnished, or even scratch-brushed. 

When iron or steel goods are to be gilt, they should 
be first rendered free from grease, by being immersed in 
a solution of caustic soda or potassa ; they are then to be 
well scratch-brushed — ^in fact, until they have acquired 
a slight coating of brass, from the wires of the brush. 
If sour beer is used for this purpose it will greatly 
facilitate the operation. The article should then be 
placed in the bath for an instant, then well scratch- 
brushed and dipped again. The solution employed for 
iron or »teel «liouid be much weakeT t\v8ca i^t vci^ ^^^ 
me^aZ. J would, recommend t\ie fo\\oVYtt%\ — 
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OrdioAry Bolation 4 fluid ounces. 

Water 20 „ 

Cjranide of potassiam, about ... 2 drachms. 

This solution may be worked rather warm^ but not so 
hot as the ordinary solution. Weak battery power 
should be employed^ and small surface of anode^ and 
deposition must be allowed to take place ve^ slowly 
at first. 

By scratch-brushing iron or steel articles with 
vinegar or dilute hydrochloric acid^ a very good and 
adhesive coating of copper may be obtained upon the 
surface of the article^ but the employment of the latter 
must be done with caution or the operator's clothes may 
be injured ; a few drops of acid^ however^ to the pint of 
water is all that will be required. 

The best method of preparing steel or iron articles 
for gilding, is to coat them with copper or brass in the 
same way as that recommended for plating these 
metals. Many steel articles, which only require a 
trifling deposit of gold, may be gilt without any further 
preparation than merely rinsing them in hot water. 
The articles then receive a momentary dip in the bath, 
and, being suflSciently gilt, are rinsed in hot water and 
dried quickly in hot box-dust, or in an oven. 

Steel surgical instruments must be gilt with great 
care, in order that the edges be not rendered blunt 
by the operation. These articles should be placed in 
the bath without any preparation, as coating them with 
copper or brass, and then gold, may involve too much 
handling. A slight deposit is all that is necessary to 
protect the steel instrument from rust or corrosion. 
Steel or iron keys should be first \fe\\%ct«i\.^^i!\v^fe\^ 
Jipped into the bath for a moment, auA. ^i^l^TL\ix\SL^^i\ 
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again; lastly^ allowing them to remain in the bath 
until sufSciently coated. These may be finished either 
by burnishing or polishing. 

ELECTRO-DEPOSITION OP BRASS AND BRONZE. 

It is far more difficult to deposit an alloy of two or 
more metals than one only ; and this difficulty becomes 
greater when we require to deposit^ as an uniform alloy^ 
two metals whose electrical conditions axe of an oppo- 
site character^ as zinc and copper. From a solution 
consisting of zinc and copper in the proportions to form 
ordinary brass^ it is easy to deposit the zinc alone^ or 
the copper alone^ by increasing or diminishing the 
power of the current, or by raising or lowering the 
anode; that is to say,. by increasing or diminishing the 
surface of anode exposed to a given surface of object to 
be coated. 

The difficulty in regulating all circumstances, so that 
an uniform result might be obtained by the operator, 
and so that the process of electro-brassing might be 
depended upon, has, in many instances, caused this 
aseful art to be abandoned altogether by the manu- 
facturer. 

Many processes of electro-brassing have been pub- 
lished and patented in this country and on the 
continent, but all of them have the disadvantage of 
being more or less troublesome and uncertain to 
manage, even though the operator be a person well 
skilled in electro- deposition. But I think that several 
of these processes may be rendered commercially 
valuable if the solutions in the first instance are mixed 
bf persons acquainted with chem\caY \\5C«^» M^^^ 
there would be less liability to fai\\ire/\t \\i^ ^or^^^ ^^^ 

i 
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the current employed was always regulated by the 
surface of goods to be coated ; the amount of anode, 
also^ being regulated by the same. If, on the contrary, 
the battery-power be too weak, or in excess, either the 
copper on the one hand, or the zinc on the other, will 
be deposited alone. 

In making up either of the following brassing solu- 
tions, the proportions may be varied to a consider- 
able extent, and where the carbonate of potash forms 
part of the formula, liquid ammonia may be substi- 
tuted. 

I. De Salzede's Processes. 

I. 

Qyanide of poUssiam 12 parts. 

Carbonate of potaspa 610 ,, 

Salphate of line 48 » 

Chloride of copper 25 ,, 

Nitrate of ammonia 305 



Water 5000 



>> 



» 



Dissolve the cyanide of potassium in 120 parts of the 
quantity of water above specified, and then dissolve the 
carbonate of potassa, sulphate of zinc, and chloride of 
copper in the remaining water, raising the temperature 
to about 150^ F. ; and as soon as the salts are well 
dissolved add the nitrate of ammonia^ frequently 
stirring until the latter is dissolved. The solution may 
now be allowed to stand for a few days, in order that 
the sediment formed may become precipitated, when 
the clear liquor is to be drawn oflF, and is ready for use. 

II. 

Qjanide of potassium 50 parts. 

Carbonate of potassa 500 „ 

Sulphate of zinc ...••, 85 „ 
Chloride of copper . • • • • , \l& ^^ 
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This solution may be made up in the same way as 
No.1. 

S. Bronzing solution. 

This solution is the same as No. 1, excepting that 
26 parts of chloride of tin are used instead of the 
Bulphate of zinc. 

4. Bronzing solution. 

In this solution 12 parts of chloride of tin are em- 
ployed instead of sulphate of zinc in the second brassing 
solution. This latter solution Salzede works at a tem- 
perature not exceeding 97^ F. 

The above solutions are to be worked with a brass 
anode^ and with an active battery of two or more cells 
— Bunsen^s battery being preferable to any other. 
The current of electricity employed in electro-brassing 
must have a brisk intensity — ^the quantity also being 
considerable. 

The above solutions work very well at firsts but they 
soon get out of order, owing to the irregular action of 
the cyanide upon the brass anodes, which readily 
attacks the copper, whilst the zinc frequently remains 
upon the surface of the anode in the form of a white 
paste. Hence the character of the solution soon 
becomes altered. 

n. Brass Solution. 

Acetate of copper ..... 5 ounces. 

Poiassa 4\ pounds. 

Sulphate of sine 10 ounces. 

Liquid ammonia 1 quart. 

Qyanide of potassium 8 ounces. 

Dissolve the acetate of copper, whick ^\iO\]\!^\^^^T^- 

rJoasJjr pulverised, in half a gaWon oi ^^\.^x. tASi. 

i pint of the liquid ammonia, and t\ie;XL ^Ysas^^ "^ 
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sulphate of isinc in 1 gallon of water^ the temperature 
of which should be raised to about 180^ F. When 
the zinc ia dissolved^ add the remaining pint of liquid 
ammonia to the solution, which should be well stirred 
immediately, in order to insure its perfect mixture with 
the sulphate of zinc. 

Dissolve the potash in one gallon of water. Lastly^ 
dissolve the cyanide of potassium in one gallon of hot 
water, and then mix the ingredients in the following 
order : — ^The solution of copper to be added to that of 
zinc; no^ add the solution of potash and cyanide. 
Stir the whole well together, and allow the mixture to 
digest for an hour or so, stirring occasionally. Add 
water to make altogether 8 gallons of solution. 

The above solution must be worked with active 
battery-power and a brass anode — milled brass being 
preferable. The anode should be well cleaned before 
immersion. A little liquid ammonia may be added 
from time to time, and also a small portion of cyanide 
when the solution works slowly. The anode must be 
kept clean. I have also found it advantageous to add 
a little arsenious acid to the solution, which improved 
the character of the deposit, by rendering it brighter 
and less crystalline. The arsenious acid, however, does 
not at first appear to make much difierence, but after a 
while the improvement becomes manifest. I generally 
apply the arsenic by mixing it with a strong solution of 
cyanide of potassium. About one ounce to the above 
solution will be sufficient at first, and the quantity may 
be increased by degrees. 

ux 

Acetate of copper , . , . . \^ Vs'Qsi^ 

„ zinc \^<wsA. 

„ ^ jwtMsa \^T^>«.^ 
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Dissolve the above substances in 5 gallons of hot 
water, and add cyanide until a precipitate is formed, 
which, upon adding more cyanide, becomes again dis* 
solved. An excess of cyanide must be added. The 
patentees of this process (Messrs. Russell & Woolrich) 
use either a brass anode, or one of brass and another 
of copper at the same time. 

IV. Bronze Solution of M. Brunei & Co. 

Chloride of eopper 1 pound. 

Carbonate of potasia 25 ponndg. 

Sulphate of siiio 2 ,, 

Nitrate of ammonia 124 >> 

The chloride is to be dissolved in half a gallon of 
water ; the carbonate of potassa in 6 gallons of water ; 
the sulphate of zinc is to be dissolved in half a gallon 
of hot water. These three solutions are to be mixed 
together. Now add the nitrate of ammonia, and blend 
them all together by stirring well for a few minutes. 
Make about twenty gallons, by adding cold water. 

This solution is to be worked in the same way as 
either of the above. 

The above solution much resembles M. Salzede's 
process, and is prone to get out of order owing to the 
fact that the anode docs not supply the solution with 
metal as fast as it is deprived of it by the articles 
coated. Unless the solvent employed will readily attack 
and dissolve the zinc of the anode, the solution must 
soon lose its proportion of this metal. The liquid am- 
monia used in one of the above processes seems to 
effect this more satisfactorily than an excess of cyanide. 
I have in variaMj found that in any ot l\i^^^i^'^^^\<^- 
cesaea, the employment of a libersl amowTL^. o^l Xvoja^ 
ammonia baa kept the anodes cleau, ^ihQl ^wMvaft. ^^ 
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aolution to give better results in every respect. The 
white salt of isine formed upon the surface of the anode 
is soluble in this menstruunii but sparingly so in cyanide 
of potassium. The ammonia and cyanide being in the 
solution in abundance^ will keep the anode clean^ without 
which the action soon ceases altogether. 

V. Newton's Process consists in forming solutions 
for depositing alloys of copper^ tin and zinc^ and alsOj 
for depositing brass and bronze. 

The patentee mixes chloride of zinc with chloride of 
ammonium^ sodium^ or potassium dissolved in water. 

Acetate of zinc in solution mixed with acetate of am« 
monia^ potassa, or soda. 

In making up a brassing solution^ Newton adds to 
either of the above solutions a proportion of a corre- 
sponding salt of copper — for instance^ with the acetate 
of zinc he would unite the acetate of copper^ and so on. 
He employs various other salts of zinc, with the corre- 
sponding copper salt, for the same purpose. 

In making a bronzingsolutionMr.Newton dissolvesthe 

double tartrate of copper and potassa, and double tartrate 

of the protoxide of tin and potassa, with or without the 

addition of caustic potassa. He deposits an alloy of 

zinc, tin and copper, by using a solution composed 

of the following substances : — double cyanide of copper 

and potassium; zincate of potassa and stannate of 

potassa; the zincate of potassa he forms by fusing 

oxide of zinc with caustic potassa, and the stannate of 

potassa either by fusing oxide of tin with caustic potassa, 

or by dissolving it in a solution of potassa. 

T'or an electro-brassing solution the patentee employs 

s solution compoaed of a gwen c^uanVivX.^ oi q^\^i^ ^^ 

copperj dissolved in an excess of c5«.m3L^ oi ^Q\Aa&\\nfiL\ 
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onde of sine and a little liquid ammonia are then 
added^ and the solution heated to 120^ Fah., to 140^ Fah. 
Water is then added^ in sufficient quantity to allow the 
solution to contain about 3 os. of the oxides to the 
gallon — f • e.f 2 of sine to 1 of copper to form brass. 

VL Brassing Solutions. 

L 

CyuideofpotMriiim ^ 1 pound. 

OMrboiMite of Mnmonw 1 »• 

Cjrmide of eopper 2 onnoes. 

,, mc ...... 1 ounce. 

Dissolve in one gallon of water. The temperature to 
be raised to 150'' Fah. 

II. 

Cjaaide of potassium 1 pound. 

Carbonate of ammonia I n 

Dissolve in one gallon of water. Attach a large brass 
anode to the positive wire of a battery^ and apply a 
small surface of tothode or negative electrode — say a 
strip of brass. The temperature should also be 150^ Fah. 
By this arrangement the anode dissolves^ supplying the 
solution with metal. The exact quantity which the 
solution has taken up may be ascertained by weighing 
the anode before and after immersion. 

VII. Brunei gives another formula for a brassing 
solution : — 

Carbonate of potassa 10 pounds. 

Pjanide of potassium ... 14 pound. 

Sulpbate of nnc .... li »> 

Chloride of eopper 10 ounces. 

Waiter •••*.... 124 gallons. 

The best way of making up the abo^e %^^Ni<;ycL\^\.^ 
disBolre aU the ingredients in aeparate Ne«QK\^ \ ^«a\A 
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add to the sulphate of sine and chloride of copper a 
portion of the solution of carbonate of potassa. Kow 
add sufficient liquid ammonia to dissolve the respective 
precipitates at first formed^ when the solution of 
cyanide and the remainder of the carbonate of potassa 
may be poured in^ and water added to make altogether 
12^ gallons. This solution must be worked with a 
large brass anode, and a brisk battery of two or more 
Bunsen's cells. The solution should stand for some 
hours before using it, when it may be separated from 
any sediment which may remain at the bottom of the 
vessel in which it is made. 

The above solution will require to be replenished 
from time to time with a little cyanide of potassium 
and liquid ammonia, in order to keep the anode free 
from the white salt of zinc, which would otherwise form 
upon its surface. Arsenious acid improves this solu- 
tion ; and I have found that a little chloride of tin, 
dissolved in caustic potassa, tends to toughen the 
deposit. 

Iron, lead, zinc, tin, and alloys of lead, &c., will not 
all receive an equally good coating of brass if placed in 
the bath at the same time. No two metals of different 
characters should be immersed together; and, indeed, 
different solutions should be employed for each metal 
or alloy. 

Cast iron requires a solution containing a greater 
per-centage of metal than zinc or its alloys ; whilst 
zinc will receive a good deposit when but little metal is 
in the bath. Lead also requires to be coated in a bath 
which is richer in the metals. 
In immersing in the batb. t^o doSeted m^tala^ as 
cast-iron and zinc for instance, tTa© iivasi ^wSl^ x^^\h^ 
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the deposit at once^ whilst the iron would not reoeiTA 
the smaUest amount of deporiti and in striving to force 
the metal on the iron surface the operator may impair 
his solution. Even cast- and wrought-iron require to 
be coated in different baths. By observing this rule, 
the solutions are not so liable to get out of order. 

Again, iron and zinc require different degrees of 
battery-power to effect a good deposit upon them. A 
battery which would coat zinc well would not cause the 
least deposit to take place upon cast-iron. 

Electro-bras£dng Cast-iron work.— In preparing 
cast-iron work for the brassing bath, it will be necessary 
first to make up a " pickle '' of the following : — 

Salphoric acid 1 pound. 

Wftter .....••.. 1 gallon. 

The article is placed in the pickle, and allowed to 
remain until the oxide of iron has become loosened 
&om the surface of the article, in other words, until a 
brush and sand will easily remove the oxide. If at 
any time the oxide is found to adhere firmly to the 
cast-iron surface, the pickling process must be con- 
tinued until it yields readily to the brush. 

When the work is very rusty, it may be first placed 
in a pickle composed of — 

Hydrochloric acid 1 pound. 

Water 1 gallon. 

and any parts which may have a thick coating of rust 
may be cleaned by applying strong hydrochloric acid to 
the partj which readily dissolves the rust. It is better 
to remove the rust, as suggested, \)e{oie \mm!^\iYCL%^^ 
frhoJe article in the first pickle. Grenfit^'^ ^^^'iiKcas^ 
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from an hour to an hour and a half is sufficient time to 
remove the oxide of iron in the pickling bath. 

As soon as the articles are pickled, they are to be 
well rinsedi and are then to be laid on a board, placed 
over a vessel of water, called the " cleaning-board/' and 
are to be thoroughly cleaned with a hard brush, sand, 
and water until the oxide is completely removed. The 
article is then to be rinsed in clean water, and may be 
placed in a weak solution of potash or soda. It is now 
ready for the bath, in which it may be suspended by a 
stout copper wire connected with the negative electrode 
of the battery. 

For most purposes I prefer using two cells of a 
Bunsen's battery, consisting each of a cylindrical stone 

jar A fitted with a cylinder of zinc, 
C, which must be well amalgamated 
and a copper wire attached to it. A 
porous cell B is placed in the centre, 
and a bar of carbon D is put into the 
cell, which is then filled with con- 
centrated nitric acid. Into the outer 
cell is poured a solution of sulphu- 
ric acid, consisting of about 1 part 
of acid to 20 of water. A binding- 
screw is attached to the carbon, and a stout copper 
wire, which is to be soldered to a brass anode. 

When the article has been immersed in the solution 
for a few minutes, a white foam will show itself at the 
point of the wire, in most instances, and frequently 
bubbles of gas will be seen to rise in various parts of 
the solution. In electro-brassing, generally, but little 
deposition takes place unless lYiere \a IV^ wA^wsfc q( 
ebemical action alluded to. 
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As 80011 as the article has receiyed the required 
coating — which, for ordinary purposes^ may be accom- 
plished in about two hours, with two cells of the 
battery just described, holding about four gallons in 
each jar — ^it is to be at once rinsed in hot water and 
then placed in hot saw-dust. For this purpose maho- 
gany saw-dust answers Tcry well. When thoroughly 
dry, if it is required to bronze it, the article should be 
rubbed over with a leather and a little powdered pumice 
or whitening, in order to brighten those surfaces which 
are to look bright when the work is complete. Instead 
of bronzing it, the article may be cleaned and lacquered. 
The bronzing process is described at page 37. 

Electro-brassing Wrought Ironwork.— It is more 

easy to electro-brass wrought than cast ironwork, 
as it is less porous, and is in general much more smooth. 
The goods may be first pickled in the sulphuric acid 
pickle-bath, and then cleaned with a brush, sand, and 
water. The solution in which wrought ironwork is 
brassed need not contain quite so much metal as that 
for cast iron, and it generally does not require the 
exposure of so great a surface of anode. 

When the goods are placed in the bath, if the deposit 
appears of too red a hue, rather more anode must be 
exposed ; if, on the other hand, the work is pale, less of 
the anode should be immersed. The surface of anode 
will generally regulate the colour of the deposit. 
Wrought iron receives the deposit more readily than 
cast iron, consequently it need not remain in the bath 
quite so long as the latter. 

Electro-brassing Articles of Zinc— Goods of this 
descnptian should £nt be placed foi «b CfOAxX^t ^i v&k 
boar or BO in a pickle consisting o(«. 
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Snlplmrio acid ••.,•.. 1 oaooe. 

HTdrochlorie add 2 ounces. 

Water 1 gallon. 

The articles may then be rinsed in clean cold water^ 
and, being placed on the cleaning board, they should 
be scoured well with a hard brush, sand, and water. 
Zinc goods, if the battery and bath are in good working 
order, will receive the deposit immediately on bebg 
immersed in the bath ; when the reverse is the cnse, 
however, either the solution is deficient in conducting 
power — ^in which case add fresh cyanide and liquid 
ammonia — the battery is weak, or the surface of anode 
must be increased. The goods, when sufficiently coated, 
are to be rinsed in hot water, and then placed in hot 
mahogany saw-dust j it is important that the articles 
should be well rinsed. This class of work may be 
bronzed or polished and lacquered. 

Electro-brassing Lead and Pewter Articles.— 

Lead does not receive the deposit so favourably as zinc, 
but pewter receives it tolerably well. They may, how- 
ever, be both coated in the same bath without harm. 
Lead should be pickled in a dilute solution of nitric acid, 
say a mixture containing about four ounces of nitric 
acid to the gallon of water. The same pickle will do for 
pewter work. The goods may remain in the pickle for 
half an hour, when they are to be well rinsed and scoured 
with sand as before ; lastly, rinsing in clean water. A 
good surface of anode should be exposed, more especially 
when the articles are first put into the bath. If the 
battery power is not ample, lead is very apt to become 
coated in parts, owing to its being a very indifferent 
conductor of the current. 
In braaaing lead and pewter, \t la «ANHasSa\fc \.q x«Na«i 
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the temperatore of the bath to about 90^ Fahr.^ when 
this can be done conveniently. The same observation 
applies to coating tin with brass. 

When a brassing solution has been worked for some 
time^ it is liable to deposit either copper or zinc only— 
generally speaking the former. The principal cause of 
this is that the solution has not the power of dissolving 
the brass anode equally^ the copper in the alloy being 
readily attacked by the cyanide and consequently enter- 
ing the solution^ whilst the zinc^ being liable to be con- 
verted into an almost insoluble salt^ either remains on the 
anode in the form of a white mass^ or falls to the bottom 
of the bath^ but a small portion of it entering the solu- 
tion ; consequently the latter^ instead of depositing the 
yellow alloy^ deposits only, or chiefly, copper. When 
the bath is thus found to work unfavourably^ it will be 
necessary to add a httle more concentrated solution of 
zinc ; but sometimes I have found that the addition of 
a large quantity of liquid ammonia to the bath has 
dissolved a considerable portion of the zinc precipitate 
from the anode and from the bottom of the vessel^ and 
thus the bath has become restored to its proper con- 
dition. When adding the liquid ammonia — which should 
be the strongest which is made — it is as well to add a 
little additional cyanide. 

The bath may also be restored by separating the clear 
solution from the precipitate which has fallen to the 
bottom of the vessel^ and by then treating the latter 
with liquid ammonia and cyanide^ which will dissolve 
the greater portion of it. This is the best plan when 
it is practicable. The solution thus formed may be 
adda^l to the bulk of the solution, V7\adi.V^*0si^\i^^i^ 
well affaiu. Therefore, wheneyei ^"^ ^svc^^^ i^viss!«?i^ 
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the white appearance referred to, liquid ammonia or 
cyanide, or both, must be added, otherwise copper onl; 
will be deposited. 

Sometimes the bath will become deprived of both 
zinc and copper, in consequence of the anode not keep« 
ing up the supply in the solution. When this is the 
case, a strong solution of brass should be added to the 
bath : in fact, a supply of concentrated brass solution 
should always be kept on hand to be thus employed in 
case of emergency, for the best solutions are apt to 
become deprived of metal after being worked a good deal. 

Electro-deposition of Platinum.— A solution of pla- 
tinum may be made by dissolving a piece of the metal in 
two parts of hydrochloric acid and one part nitric add, 
over a sand bath. The acids must both be very strongs 
or the metal will not yield to their action. When the 
platinum is dissolved, the acid should be expelled in the 
same way as that recommended in forming the chloride 
of gold. A reddish mass will be obtained, which is the 
chloride of platinum. A little distilled water is now 
added to dissolve the chloride, into which put a small 
lump of cyanide, which will at first precipitate and then 
re-dissolve the platinum. The solution should have 
about five dwts. of metal to the quart. In working it, 
the solution should be warm. It is better, however, to 
filter before using the platinum solution, to remove the 
impurities with which the cyanide is contaminated. 

The battery power employed for depositing platinum 

should be rather weak, or the metal will be thrown 

down in the form of a black powder, possessing but 

little resemblance to the metal itself. 

As a platinum anode wiU not be dcledi \r^oxL Vj l\i<% 

cpuude, the soJation will, of course, aoon y^^VA V\i^m^\a^ 



DEPOSITION OF LEAD. 85 

f wlilch it was composed ; therefore, it will be necessary, 
rom time to time, to add fresh chloride of platinum to 
:eep it in working order. If it is desired to coat an 
rticle strongly with platinum, it wiU be necessary to 
:eep on adding chloride of platinum to the solution 
very now and then while deposition is going on, until 
he object is accomplished. This of course renders the 
)TOce8S of electro-platinising not only expensive but 
;edious ; and, for general purposes, impracticable. The 
yanide will hold but a small quantity of platinum in 
solution. 

Falladiuin may be somewhat more readily deposited 
rrom its solution than platinum. The metal is to be 
iissolved in nitro-hydrochloric acid in the same way 
Ets aboTC. The solution is next to be treated with cya- 
nide, which will precipitate the metal, and finally re- 
dissolve it. The solution may be worked warm. 

The palladium anode will be acted upon by the 
cyanide, consequently the operator may deposit the 
metal to any desirable extent. There is, however, but 
little importance attached to the deposition of this 
metal. 

Lead* — ^A solution of lead for the purposes of electro* 
deposition, may be formed by dissolving the acetate 
or nitrate of lead in water. By employing the solution 
in a rather weak state, with moderate battery power, 
lead may be deposited with ease, but the deposit from 
these acid solutions is of a very indifferent quality. An 
alkaline solution may be made by precipitating the lead 
from either of the above solutions, either with soda, 
potassa, or ammonia, and then re-dis«ol\m^m^\i^^^r 
nide, hat the solution is only ftt ioT ^T.^^sra£^^t^^»S. 
jurposeg. 
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Electro-deposition of Nickel. — The surprising 

progress which this branch of the electro-metallurgic 
art has made since the publication of former editions 
of this work^ is due to several important improvements 
in the manufacture of the principal materials employed, 
and to the introduction of powerful and effective 
Dynamo -electric machines. The difficulty in ob- 
taining pure nickel anodes of large surface for 
many years checked the progress of this useful art, 
whilst the slow and uncertain action of the ordinary 
battery rendered it ill-suited to the deposition of this 
peculiar metal on a large scale. Again, the manu- 
facture of the double salts of nickel and ammonium 
was so imperfect, that constant failures attended the 
making up of baths from the nickel salts of commerce, 
even though high prices were paid for them. 

The time has now arrived, however, when it may be 
fairly stated that the art of nickel-plating has become, 
in proper hands, one of the most successful^ and at the 
same time one of the most extensive branches of 
electro-deposition. For several years nickel-plating 
in this country had been principally confined to some 
three or four houses. Now, however, that the diffi- 
culties referred to have been overcome, the process has 
been most extensively adopted in London and through- 
out the kingdom, as also in many foreign countries. 
There is no doubt that the extensive application of 
nickel-plating in the United States acted as a stimulus 
to our own manufacturers who have steadily, though 
tardily, recognised in nickel a most useful coating for 
certain kinds of metal work. It is doubtful, however, 
whether nickel-plating would eve« have held a really 
high position in the arts it tue 'Dy[i^Tci^-^<&^\!ih& 
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had not been introduced* Before going 
fortlier into oar subject^ it may be adyiBable to give 
the reader aome information respecting this remark* 
able apparatos for generating electricity by motive 
power. 

We may state that we have seen many of these 
machines in operation at some of the largest nickel 
and other electro-plating works in London and the 
Provinces, and the results obtained have been in the 
highest degree satisfactory. It was, in feet, at the 
author's suggestion that the first of these machines 
was tried and adopted by the Plating Company, 
Limited* In this instance, a single Dynamo-electric 
machine supplanted five large Wollaston batteries of 
some thirty-five or forty pairs of plates (zinc and 
copper). And when it is considered that the machine 
referred to is only about the size of an ordinary gas 
meter, and barely requires 1-horse power to give it 
the necessary motion, it will be at once seen that such 
a compact and effective substitute for the cumbrous 
and tronUesome battery, is a great advance in the 
art of nickel-plating* Indeed, as we have said, it is 
doubtful if this branch of the art could ever have been 
extensively pursued with advantage on a large scale 
if battery power alone were available. 

An important addition to our apparatus for gene- 
rating electricity is Weston's Dynamo-electric machine 
(see engraving), the capabilities of which are very 
remarkable* The colour of the nickel deposit (pro- 
vided the solutions are made with pure nickel salts) 
is nearly as white as silver; the required coating 
is obtained in about one-third of the time occupied b^ 
ordinary batteries, while the deposit Vft XQCQ&iub^^ 
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ereii, smooth and bright. The only appreciatiTe cost 
in working this machine is the steam power required 
to give it motion, about { horse-power being sufficient 
for a medium machine, capable of depositing, it it 
stated, about ',iO ounces of silver per hour. The wear- 
aud-tear of the Dynamo-machine cannot be very grea^ 
as it only requires a speed of about 800 or 900 revola- 
tions. per minute to keep it in full action, and vith 




W eston e Dynamo electric llachinB. 

proper attention to lubrication there appearc but little 
friction. When we bear in mind the consumption of 
acids, zinc, &c., in the voltaic battery, and the loss of 
current from local action caused by imperfect amalga- 
mation of zinc plates, and that for each ounce of metal 
deposited by the battery ils equimient of Mtte must be 
dmohed, it will be apparent that the moderate quan- 
tity^ of £iel required to give \ Wrw-^pcrwei (^k^wb^^ij 
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r taken from a large engine used for otlier purposes) 
rill be far less costly than the consumption of material 
1 the battery. In speaking of the '' equivalents " of 
letalsy without going deeply into the theory of Dalton 
re may remind the student that if 32 ounces of 
opper, 108 oxmces of silver, or 28 ounces of nickel 
TO deposited by voltaic electricity, 32] ounces of zinc 
ntiat have been dissolved in each case, irrespective of 
.be acid consumed ; and if the cine has been impro- 
perly amalgamated, or from any other cause the full 
Ikeoretical amount of current is not obtained, it is 
likely that two or even three times the equivalent 
quantity of zinc may be dissolved in depositing the 
cbemical equivalent of the other metals. In Dynamo- 
electricity there is no such uncertainty as this, since 
the electric current is dependent entirely upon motion 
for its development. 

To give a detailed description of the Weston 
Dynamo-electrio machine — and, indeed, the same 
remark applies to all other similar machines — would 
serve no useful purpose in a work of this kind, since it 
is obvious that any one desirous of investigating its 
merits, with a view to its adoption, would naturally 
obtain the fullest practical information from the 
manufacturers. We may state, however, that some of 
our principal electro-plating firms, and electro-typists, 
have adopted Dynamo-electric machines in preference 
to battery power, and with imquestionable advantage 
both in economy and rate of deposit per hour. For 
large operations Dynamo machines are indispensable. 

Magneto-electricity is also largely used for deposit- 
ing metals, and with great success ; but the compact- 
nan^ simplicity, and energy of tTie Ti^uwti'^H^ft^^^^ 
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machines, together with the small amount of attention 
they require, gives them a decided advantage over 
their electrical competitors. In size, the Dynamo- 
machine is about equal to an ordinary gas-meter, and 
it seems surprising that so large an amount of current 
as it is capable of yielding can be obtained from so 
small a contrivance. 

The improvements in electrical apparatus have lately 
been so considerable, and the exertions which are now 
being made at home and abroad towards further pro- 
gress are so vast, that ere long we may hope to see 
the electric current employed for lighting and other 
purposes to an extent which has never before been 
reached. To give the reader some idea of the appli- 
cation of dynamo-electricity in America, in the deposi- 
tion of metals, but more especially in electrotyping 
and nickel-plating, it is stated that there are upwards 
of two hundred firms in New York alone who have 
adopted dynamo-machines, and thus the arts of nickel- 
plating and electrotyping in the States have attained 
a perfection which has probably never been equalled 
before in any country. The substitution of dynamo- 
electricity for ordinary battery power is now being 
extensively recognised throughout the United King- 
dom, and when the adoption of this source of power 
becomes fully developed, electro-deposition will doubt- 
less progress to an extent far beyond any previous 
attainment in the history of the art. The author has 
been tempted thus far to dilate upon the relative 
advantages of the new system of producing electricity 
for electro-metallurgical operations, in order that both 
th& student and the practical worker may be ac- 
qusunted with the latest and moc^ \\ii^x\AXL\> i^^Kxa^ 
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in conneetloii wifli the doncitMn of iii*t*lf from tbeir 
solatioDfl. 

Kickel-plating oo « anall sode mxj be loeeeasfallr 
carried on by meuis of the Bmuen battery (page 60 . A 
Terynaefnl modification of thia battery baa been imported 
from the United States (aee engianng). It onuirts 
of a pair of carbon platea, 1, nmted by a clamp with 
binding acrew attached ; an oval cylinder of atont aheet 
1100,2; aporona cell,4, andag^laaaor atone-wareoDter 
cell, 3. This conTenient battery ia capaUe of ginog 




a very porerM corrent, and is admirably niitable for 
nickd-plating small uticles. 

Nickel Solutions. — Although there are several 
salts of nickel from which the metal may be deposited 
by electricity,'' there are bat two of these which have 
any practical value — namely the doable salphate of 
nickel and ammonia, and the doable chloride of nickel 
and ammoniam. These salts were first soggeeted by 
M. Boettger in 1843, and it is a remarkable fact that 
they hare not yet been saperseded. Mr. Adams of 
Boston, Massachnsetts, taking advantage of Boettger's 
process, obtained a patent in 1869 for certain modifi- 
cations of the ordinaiy way of making the dQ\i.bl« ealt& 
of nitkti, hut as ius process is a tqt^ xo^&iu^A^y^ ^^^^ 
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it would scarcely be applied by any one haying a 
practical knowledge of chemical manipulation. 

A very ingenious method of preparing the double 
salts of nickel and ammonia was patented by Mr. 
Unwin of Sheffield, in 1877, and since it presents some 
rather novel features, we give an extract from his 
specification. By this process, the salts of nickel and 
ammonia are thrown down in the form of a granular 
salt, readily soluble in water, and thus the tedious 
process of crystallisation may be avoided. 

MR. UNWIN'S PROCESS. 

'* To efEect the first object of my invention, I pre- 
pare a pure double sulphate of nickel and ammonia 
in the following manner : — ^I first prepare a pure 
double sulphate of nickel, by taking three parts of 
strong nitric acid (sp. gr. = about 1*400), one part 
of strong sulphuric acid (sp. gr. = about 1*840), and 
four parts of water, all by measure, mixing them 
cautiously, and about half-filling an open earthenware 
pan with the mixture. To every gallon of this mixed 
acid, I then add about two pounds of ordinary grain 
or cube nickel, and I heat the liquid by a sand-bath or 
other suitable means. If during the process of solu- 
tion the action becomes inconveniently violent, I 
moderate it by the addition of a little cold water. If 
the nickel entirely dissolves (except a small quantity 
of light black matter), I add more of it, in small 
portions at a time, and continue the addition at inter- 
vals until it is in excess. When the production of 
red fumes has nearly, or entirely, ceased, or when the 
liquid becomes thick and pasty from the separation of 
sa/id sulphate of nickel, I add a modeto^VA c^sah^^ ^1 
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hot water, and boil and filter the folution ; (he deep 
green liquid so obtained is a strong solution of sulphate 
of nickeL If, from the circumstanees of its produc- 
tion, I consider that it requires purification, I concen- 
trate the solution hj evaporation, until on cooling it 
yields a considerable per-oentage of crystals of sulphate 
of nickel ; these crystals I collect, wash with a little 
cold water, and re-dissolye in a moderate quantity of 
hot water, filtering again, if necessary. When cold 
the liquid is ready for further treatment. I do not 
make any claim to originality in the above described 
method of preparing the sulphate of nickel by itself, 
as it is nearly identical with that described by me in 
the specification of letters patent granted to me, and 
bearing date December 21st, 1871, No. 3,459 ; but I 
do claim the method of obtaining a pure double sul« 
phate of nickel and ammonia, to be presently described, 
and in which the sulphate of nickel prepared as above 
is employed. 

''I next prepare a strong solution of sulphate of 
ammonia, by dissolving the salt in hot water, in the 
proportion of about four pounds of the salt to each 
gallon of water, and then filter the liquid, if necessary, 
and allow it to become cold. I then obtain the pure 
double sulphate of nickel and ammonia, by adding the 
above described solution of sulphate of anmionia, to 
that of the sulphate of nickel, obtained as herein- 
above described ; but I do not stop the addition of the 
solution of sulphate of ammonia, when sufficient has 
added to combine with all the sulphate of nickel 
present, but I continue to add it in large excess. I do 
this because I have discovered that tke doxiVAs^ %n^[!^^^ 
of nickel and ammonia is far less ao\\\VAd yql^^ ^^(S^s^^s^ 
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of sulphate of ammonia, than in pure water, so that it 
is precipitated from its solution in water on adding 
sulphate of ammonia. I therefore continue adding the 
solution of sulphate of ammonia, continuously stirring 
until the liquid loses nearly all its colour, by which 
time the double sulphate of nickel and ammonia will 
have been precipitated as a light-blue crystalline 
powder, which readily settles to the bottom of the 
vesseL I then pour off the liquid from the crystalline 
precipitate of double sulphate of nickel and ammonia, 
and wash the latter quickly with a strong, cold solution 
of sulphate of ammonia, as often as I consider necessary 
for its sufficient purification; but I do not throw away 
this liquid after use, but employ it at my discretion 
for combining with fresh sulphate of nickel, instead of 
dissolving a Airther amount of sulphate of ammonia. 
If I desire to make a further purification of the double 
sulphate of nickel and ammonia, I make a strong solu- 
tion of it in distilled water, and add to the liquid a strong 
solution of sulphate of ammonia, by which means the 
double sulphate is precipitated in a very pure condition, 
and is separated from the liquid by filtration or by 
other convenient means, and then dried, or used direct 
as may be desired: the liquid strained away can be 
employed, instead of fresh solution of sulphate of 
ammonia, for combining with more sulphate of nickel, 
or for washing the precipitate of the double sulphate." 
The double sulphate of nickel and ammonia and the 
double chloride of nickel and ammonium may also be 
made by what is termed "the battery process." A 
plate of pure nickel is suspended in a dilute solution of 
jBulpburio or hydrochloric acid (say, one ^art acid to 
^n parts water). The nickel ]2>\a\.© \a \ft\i^ ^wfiasfcXf^ 
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by a copper wire to tlie positive pole of the battery 
(Bunsen's, by preference), or dynamo-macliine, and 
the negative pole placed in contact with a few pieces 
of clean sheet-copper, previously put into a porous 
cell. A sufficient quantity of the dilute acid is to 
be poured into the porous cell, to the level of the 
acid solution in the larger vessel, and the cell placed in 
the dissolving bath. In a few hours the acid will have 
combined with its equivalent of nickel. By weighing 
the nickel plate before and after immersion, the amount 
of nickel in solution may be estimated. After removing 
the porous cell, &c., liquid ammonia is to be added to 
the solution until it becomes neutral to litmus-paper. 
To each ounce of sulphate or chloride of nickel in 
solution, one ounce of sulphate or chloride of ammonium 
is to be added. Unless the nickel employed in the 
above operation be pure, the resulting solution will not 
yield good results. It is safer, therefore, before 
adding the ammonia (that is while the solution is acid) 
to take a small quantity of the nickel solution, and 
pass a stream of sulphide of hydrogen through it, 
which will throw down, in the form of a black precipi- 
tate, any copper or iron that may be present. Sulphide 
of hydrogen does not precipitate nickel from an acid 
solution. As it is now quite possible to obtain pure 
nickel plates (or anodes), the operator may not be 
troubled by the presence of other metals. 

A very simple way of making a solution of nickel 
for ordinary purposes, and which, with care, will give 
very good results, is the following : — Take, say, 2 ounces 
of pure nickel, dissolve in hydrochloric acid, taking 
care not to have an excess. A geiiW^ \ia^\» ^'^ ^^^vs5^ 
the operation. When dissolved, diixjA,^ ^'sii ^^^^y^'sx 
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with 1 quart of cold water. Now add ammonia^ gradu- 
ally, until the solution is quite neutral to test-paper. 
Next, dissolve 1 ounce of sal-ammoniac (chloride of 
ammonium) in water, and mix this with the former 
solution. Lastly, evaporate and crystallize slowly. 

The double sulphate of nickel and ammonia may be 
readily formed by dissolving oxide of nickel in dilute 
sulphuric acid ; the solution is then to be neutralised 
with ammonia, and crystallized. To each ounce of the 
dry crystals add 1 ounce of sulphate of ammonia, then 
dissolve and recrystallize. Cube or grain nickel may 
also be dissolved in a mixture composed of 1 part 
sulphuric acid and 2 parts water, to which add a little 
nitric acid, applying moderate heat. The solution 
should be set aside to crystallize, and sulphate of 
ammonia added in the same proportions as before. The 
salts are then to be dissolved, the solution filtered, and 
evaporated to crystallization. 

Both of these solutions should be filtered before using, 
or allowed to stand until perfectly clear, when they 
may be carefully decanted. One Bunse!n battery will 
be found sufficient for coating small articles. 

In making up a bath with either of the above nickel 
salts, 12 ounces of the crystallized double salt are 
to be dissolved in each gallon of water, when the solu- 
tion will have a specific gravity of about 1*60 (water 
being 1,000). 

Of the two salts (double sulphate and double chloride 

of nickel and ammonium), we much prefer the former 

for all practical purposes, although we have seen 

excellent results obtained with the latter salts. In 

practice, on a large scale, the double «v)l^\iA.tA of nickel 

A2z</ ammonia ia most uniyerBalVy ado^\,^« K ^^xst^v 
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natdon of both the double salts has been employed by 
some persons with good results. 

After the work has been cleaned by the processes 
hereafter given^ it is generally the practice^ in the 
case of brass- work, to dip it for a moment in a weak 
solution of cyanide of potassium, and then to rinse 
well. The object of this is to remove any slight trace 
of oxidation that might have formed during the pro 
cess of cleaning, and since this slight film of oxide, as 
we have explained, would not become dissolved in a 
nickel solution, the '* cyanide dip,'' as it is called, may 
be used with advantage. Steel and iron work, how- 
ever, require to be dipped (after cleaning) into a dilute 
hydrochloric acid pickle, — say, half a pound of acid 
to each gallon of water. The hydrocbloric acid will 
readily remove any trace of oxide from the surface of 
steel or iron, and after again well rinsing, the articles 
should be placed in the bath without delay. 

Cast-iron work, before being nickel-plated, requires 
to be first placed in the potash bath, to remove grease. 
It is then to be well rinsed in cold water, and after- 
wards inamersed in a pickle of sulphuric acid (half-a- 
pound of acid to each gallon of water), until the black 
scale usually found upon its surface becomes readily 
removable by brushing with sand and water. Some 
persons use powdered piimice for this purpose, but the 
author prefers sand, for the reason that this substance, 
besides being cheaper than pumice, leaves the surface 
of the work brighter; and since cast-iron work is 
generally required to be left dead (that is, not polished) 
it presents an agreeably bright appearance, when 
plated, which. the pumice-prepared -^oik ^lC^^^ \3l^\» 
equal In cast-iron articles, the exiatexiG^ oiivMSfikKt^^^a^ 
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" sand-holes " is frequently a source of great trouble 
to the nickel-plater, inasmuch as it is impossible to 
obtain a deposit of nickel upon any surface which is 
not absolutely free from foreign matter. Again, nickel 
has such a great objection to turning a corner, under 
any circumstances, that imless the sand-holes are per- 
fectly clean, this metal will not become deposited even 
in the most trifling hollows. It is well, therefore, in 
order to obtain a deposit of nickel in the crevices 
referred to, to ascertain that they are quite free from 
non-conducting matter, which may be done by means 
of a sharp steel point, or the work may be brushed 
with the steel wire brushes employed for this and 
similar purposes, and this generally has the effect of 
rendering slight hollows free from objectionable 
matter. It is a good plan, previous to nickel-plat- 
ing cast-iron, to give it a moderate coating of copper 
in the cyanide-of-copper bath, which not only enables 
the operator to ascertain if the work is perfectly clean, 
but also to ensure a successful deposit of nickel, the I 
superior conductibility of cupper greatly aiding the 
nickel coating upon cast-iron work. Indeed, both for 
steel and iron, as also Britannia metal and pewter 
goods, a previous deposit of copper from an aUkaline 
solution presents many advantages ; and as the opera- 
tion of coppering occupies only a few minutes in a 
hot solution, and but a short time in a cold one, the 
slight extra trouble is scarcely worth consideration, as 
compared with the advantages obtained. 

The perfect cleansing of the work to be nickel-plated 

is of more importance in the electro-deposition of this 

metal than in any other branch of the art, and for 

tJiis reason : — ^In gilding, plalmg, \>xoTiim^^ ^^,^\3sa 
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Bolutions are formed with a lughly caustic alkaline 
gait, the cyanide of potassiuniy which has the power 
of rendering soluble any slight trace of greasy matter 
that might be imparted to the work by the hands, or 
any such matter as may have been accidentally left 
upon it by careless cleaning. In all cases, it is of the 
utmost importance that the work should be absolutely 
chemically clean before immersion in the bath ; but 
although, in the solutions named, a trifling deficiency 
of cleaning may not be fatal to the operation of gild- 
ing, &c., in nickel-plating the result would surely be 
stripping or peeling off of the deposited metal, wherever 
the least particle of foreign matter was present. The 
reason why articles to be nickel-plated require such 
delicate and careful preparation is that the solution of 
nickel is composed of salts which have no caustic 
property whatever, and therefore would not remove 
even the faintest trace of greasy matter from the 
surface of the work. Again, the cyanide of potassium 
is a powerful solvent of metallic oxides, and the trifling 
film of oxide which is apt to form upon the surface of 
brass, German silver, copper, or steel articles (if they 
have been exposed to the air for even a few moments 
after they have been cleaned) before immersion in the 
bath, would readily become dissolved the instant after 
immersion. This would not be the case in a nickel 
solution, however, since the salts of nickel and am- 
monia (being neutral) would have no solvent effect 
upon the oxidised surface, no matter how slight the 
film of oxide might be ; and since a layer of oxide 
between the article and the deposited metal would prevent 
their close adhesion, the existence oi svxgV ^S^^xcL^^Ni^ 
undoubtedly cause the work to ** BtiVg,^* m 'Odl^^ ^!ws^ 
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process of polishing, if not before. These oonsidera* 
tions being borne in mind, w© will nQw endeavour to 
explain the methods of preparing the work for the 
nickel bath which have been found most successful in 
practice on a large scale. 

Preparation of work for Nickel-plating.— 
All the work to be nickel-plated must be first immersed 
in a boiling solution of caustic potash — ^American 
potash is generally used for this purpose — which is 
made by dissolving about half-a-pound of potash in 
each gallon of water. After being in use some time, 
this alkali loses its caustic property, in which case an 
addition of the salt must be made, otherwise the bath 
will fail to perform its proper function, that of remov- 
ing any greasy matter, such as oil used in the process 
of polishing, &c. When the potash bath is newly 
made, immersion in the boiling solution for a few 
minutes only will be sufficient. As the bath becomes 
weaker by use, however, a longer immersion will be 
necessary. In the case of steel, iron, brass, and copper 
articles, they may be allowed to remain in the potash 
until required to be pumice-brushed for the nickel 
bath ; but on no account should tin, Britannia metal, 
or pewter-soldered articles be allowed to remain in the 
potash solution for more than a few minutes, since 
this caustic alkali acts upon, and freely dissolves tin. 
Brass and copper articles should not be suspended by 
a metal rod in the potash bath at the same time as 
steel and iron work, in case, at any time, tin or pewter 
articles may have been immersed in the same bath, 
since the alkali would have dissolved a certain portion 
of the tin and this would become deposited upon the 
articles by the galvanic action set u-p \i^ \!!cl% Vr^^ 
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opposite metals in solution. Cast-iron work, owing 
to its porous character, requires a longer immersion than 
any other metaL 

Since all metals which have to be nickel-plated 
require a somewhat different treatment in preparing 
them for the depositing bath, we will consider each 
class of articles separately ; but before doing so, it 
will be necessary to call attention to another important 
feature in the preparation of work to be nickeled. 

The extreme hardness of nickel, as compared with 
silver and gold, renders it almost impracticable to apply 
the process of burnishing ; it is therefore the practice 
to polish all kinds of nickel-plated work. In order, 
however, to render the after process of " finishing " 
more easily effected, the system adopted is to impart 
to the work a highly polished surface, before, as well as 
after plating. This final operation of finishing is 
conducted by skilled workmen, who, having a thorough 
knowledge of silver polishing, have acquired the more 
difficult art of polishing nickel. A smooth surface is 
first obtained by submitting the articles to the action 
of revolving buffs, made of the tanned skin of the 
walrus, bull-neck leather, &c., and finely-sifted sand. 
Trent sand, and '' glass-cutter's sand'' are generally 
employed for this purpose, owing to their power of 
rendering the work smooth without cutting too 
severely. After the work has been well " sanded," as 
it is termed, it is removed to another polishing spindle 
and again buffed with finely powdered and sifted 
nnslacked lime. The lime best suited to this purpose, 
and also for the after processes of finishing, is obtained 
from the neighbourhood of Shef^elA.. \\» ^W5JA.\ife 
kept in jars, or other convemeiA xe^^^, ^^x^^>^l^ 
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covered to exclude air, and powdered in small quan- 
tities as required for use. Steel and iron work, if 
very rough, are rendered smooth by an emery-wheel, 
or a buff charged with emery and oil, before being 
polished in the manner before mentioned. 

Brass articles, after being polished require to be 
immersed for a short time in the potash bath ; they 
are then to be dipped for a moment in a moderately 
strong solution of cyanide of potassium, and after well 
rinsing are brushed over with finely powdered pumice 
and water, a moderately hard brush being used for 
the purpose. In place of the powdered pumice alone, 
an equal proportion of rotten-stone and pumice may 
be used, or finely-powdered and sifted bath-brick. 
After the work has been well brushed all over, it is to 
be thoroughly rinsed, again dipped in the cyanide 
bath, rinsed, and at once placed in the nickel-bath, 
where it should remain undisturbed until the required 
coating is obtained. As it is of the greatest im- 
portance, however, that the article should receive the 
deposit almost immediately after immersion, it may be 
lifted partially out of the bath for an instant, in order 
to see whether deposition has begun. It is very im- 
portant that the work should be "struck*' as it is 
termed, or receive its first layer of metal immediately 
after immersion. 

In cleaning the work (so as to avoid contact with 
the hands), it is a common practice to hold the article 
with a piece of wet rag, kept for the purpose, while 
applying the brush and pumice. If the fingers are 
repeatedly dipped in pumice-powder, the rag may be 
dispensed with. The lianda must Tio\.\i^ ^\ift^^ to come 
in contact with the work aitex 'bemg ^^ %^wa:^ 
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When the solution is in good order, and is kept free 
from dust and the disturbance of the sediment which 
sometimes forms at the bottom of the bath, the depo- 
sition of nickel will be perfectly smooth, and the work 
will require but little labour to give it the exquisitely 
beautiful polish of which it is susceptible. If, on the 
other hand, the above conditions are reversed, a rough- 
ness of deposit will show itself upon those upper sur- 
faces upon which the objectionable particles have 
fallen, and this roughness will give additional trouble 
to the polisher. In cases where impure anodes are 
employed, it is of still greater importance not to dis- 
turb the sediment lying at the bottom of the bath. 
Anodes containing iron cause a yellow deposit to be 
formed which is exceedingly troublesome, sinceit notonly 
attaches to the surface of the anodes, but also becomes 
deposited in a mass at the bottom of the bath. The 
slightest disturbance of this fine precipitate, will render 
it necessary to let the bath rest for at least 24 hours 
before using it. Thus, when an article falls from the 
suspending rod or slinging wire, for instance, in 
searcliing for it the iron deposit at the bottom of the 
bath is disturbed, and permeates the whole solution, 
rendering it absolutely necessary to let it repose 
until the solution is clear again. 

Owing to the inferior conductibility of nickel solu- 
tions, as compared with those oi^ silver and gold, it is 
necessary to place anodes on each side of, and directly 
opposite the article to be coated, otherwise a partial 
deposit only will take place. Again, from the same 
cause, namely, the indifferent conducting power of the 
solution, nickel has a strong objection to '' turning the 
corner/' as we bare said. Tlie de^«A. ViSi. \aJ&ft"$^^^ 
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freely enough, if the electric current is vigorous, upon 
flat surfaces or projections, but for concavities, fissures, 
and hollows of all kinds, it has the utmost contempt, 
so to speak. This peosdiarly amiable quality is highly 
manifest in coating cast-iron, in which large sand-^ 
holes and other flaws are common, -and the only way 
to humour the nickel in such cases is to first coat the 
iron with a metal of superior conducting power 
(copper, for instance), which, acting as a sort of " go- 
between " or pacificator, will bring about the desired 
union, a perfect coating of nickel upon the inferior 
metal, iron. 

Although it is advisable, in all cases where the price 
will admit of it, to deposit a good coating of nickel 
upon the work, it is found impracticable to go beyond 
a certain point ; and if this be exceeded, the deposit 
has a tendency to crack and peel off the work in large 
flakes. In some cases, this will take place without 
the slightest touch. Indeed, it appears that on certain 
surfaces (unless the deposition be very gradual), there is 
a limit which must not be exceeded, or stripping will 
follow most certainly. A very moderately thick 
coating of nickel, however, owing to its extreme hard- 
ness, will last for many years, with ordinary care. 

It is very important in nickel-plating that the 

'* slinging-wires," as they are termed, should be of a 

gauge to suit the class of work to be coated. It is 

frequently the practice — the result of ignorance — ^to 

neglect this important detail, but when we consider 

the marvellous variety of objects which have to be 

nickel-plated nowadays, in sizes ranging from a small 

Bpht ring to a cast-iron plug exposing a superficial 

mr&ce of gix or eight feet, it vttlII \>^ «>.>« ^^^ «^^^x^\i^ 
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that a slinging-wire wliich would be suitable to the 
former would be quite unfit for use in the latter case. 
It is not a question of sustaining power alone, for it is 
self-evident that a thin wire of, naj, 32-gauge would 
not support, when attached to the conducting-rod, a 
cast-iron article weighing half-a-hundredweight. It is 
therefore a question of conducting power, and it will 
be readily understood that iprhile small articles, such as 
screws, split-rings, &c., require but a Terj thin wire to 
conTCj the current, articles of larger dimensions will 
need a much stouter wire. 

Again, the difference of conductivity in the metuls 
to be coated is of much consideration in nickel-plating, 
for whereas a steel, brass, or copper article would 
become readily '' struck '^ (that is, receive an im- 
mediate coating of nickel), even if suspended from the 
conducting-rod by a thin wire, articles of lead, Britan- 
nia metal, pewter, or even cast iron would not receive 
the deposit so readily. The thickness of the slinging- 
wires, therefore, should be regulated according to the 
nature and dimensions of the article to be plated. 

After the slinging-wires have been used once or 
twice (especially when a good, stout deposit has been 
given to the work), the crystalline nickel deposit upon 
the unprepared surface of the wire will render it very 
brittle, the deposited metal forming, as it were, a 
tubular coating upon the wire, which is very easily 
broken. Thus wires which have been employed several 
times for the purpose of suspending articles from the 
conducting-rod become totally unfit for use. It is 
better not to use the slinging-wires more than twice 
in nickel-plating; and these may \)e xeTAst^ ^»j&»S. 
foritttare operationB by first etrip^mg ^'^m^^^^'^^ 
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their surface^ and then annealing them. A nsefu] 
stripping acid suitable for nickel may be made witli 
2 parts nitric acid, 1 part sulphuric acid, 4 parts water, 
to which a little nitrate of potash may be added. 

Nickel solutions being employed in a highly con- 
centrated state (unlike gold and silver solutions), it 
will be noticed after working a bath a short time, 
especially in a warm atmosphere, that the green salts 
of nickel and ammonia begin to crystallise upon the 
upper surfaces of the anodes, and on the interior of the 
tank or depositing vessel. When this is observed (the 
original waterline being noticed), it will be necessary 
to add sufficient water to make up the solution to its 
original height. Some allowance, however, must be 
made for the quantity of solution removed from the 
bath from time to time by the work taken out of it ; 
and in order to keep the solution up to the normal 
strength and the original height in the tank, it will be 
advisable to add fresh crystals of the double salts of 
nickel and ammonia. In doing this, however, it will 
be best to ascertain the specific gravity, and only to 
add sufficient crystals to bring the solution up to the 
standard (if the double sulphates of nickel and am- 
monia are used) of about 1'50 by the hydrometer. 
When the dynamo-electric machine is employed, it is 
not necessary to have the solution quite so strong as 
when ordinary battery power is used ; indeed when 
the double chlorides of nickel and ammonium are 
employed, a much weaker solution than is required by 
the battery will give very good results. It must not 
be understood that we give any preference to the latter 
jsalis, for we are of opinion that fox sW. Y^vrg^^fc^ l\\fi 
doable sulphatea yield tlie best auSi moelt ^salviOTssL 
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of which the metal is capable, as far as our 
I knowledge extends. 

connections between the nickel anodes and 
ling rods is, of course, of great importance, and 
er simple this point may appear to the silver- 
, it must not be overlooked in nickel-plating. 

is a very infusible metal, and exceedingly 
\, to run into the form of plates or anodes, and 
e are generally, especially for large operations, 
iderable weight, it 
custom to drill a 
ibout J inch in 
3r, at the upper end 
anodes (see illus- 
(, through which a 
>pper S-hook is or- 
r passed, the other 
* the hook resting 
le conducting rod. 
unfrequently hap- 
Lowever, that this 
ion proves a very 
ct one, from seve- 
les, amongst which may bo mentioned the crys- 
on of the nickel salts within the orifice through 
he supporting hook is passed. In a bath fur- 
with twenty-four nickel anodes, each about 7 in. 
Q., and nearly one inch in thickness, the author 
ed to obtain a spark, when applying the nega- 
te, from several — ^probably half-a-dozen— of the 
; whilst from the remainder a spark was readily 
i, with the exception oi one ot V^o^^YvS^^gs^v^ 
le evidence of the circuit \>eisi^ ^otk^^V^* ^ 
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at once occurred to him to secure a good connection 
between the suspending hooks and the anodes by means 
of soldering. The plan adopted was as follows : — The 
holes were cleaned by a rat-tail file ; the hooks were 
dipped into the ordinary dipping acid (sulphuric and 
nitric acid) for an instant, and rinsed. One end of eacli 
hook was then moistened with chloride of zinc, and 
immediately plunged into a ladle containing molten 
tin. The tinned hook was next inserted into the hole 
in the anode, and a gentle tap with a hammer fixed it 
in its place. The anode being laid flat on a bench, 
with a pad of rag beneath the hole, the next thing to 
do was to pour molten tin or pewter solder into the 
hole, and afterwards to apply a heated soldering iron. 
When subsequently, and upon several occasions, adopt- 
ing this method of improving, or rather securing a 
perfect connection between the copper support and 
the anode, it was found better to make the end of the 
anode to be soldered sufficiently hot to prevent it from 
chilling the solder. Before pouring the solder, how- 
ever, the aperture in the anode should be brushed over 
with the chloride of zinc solution. The advantage of 
thus ensuring a perfect connection will be readily 
understood, especially when it is borne in mind, that 
the inferior conductibility of nickel and nickel solutions 
as compared with gold, silver and copper, ofiers a 
resistance to the electric current, which should not 
be increased by imperfect connections. Although these 
observations are chiefly directed to those who carry on 
the operation of nickel-plating on a large scale, they 
may not be found unacceptable even to the student in 
fheart. 
la all kinds of electro-depo«vlvoTi> u^*^ ^ v»Slvi ^\ 
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any magnitude, one of the greatest difficulties is to 
obtain a solution yat or tank which will hold, without 
leakage, or contamination of the materials of which 
the solution is composed, any giyen solution. Slate 
tanks, put together with india-rubber, or gutta-percha, 
or eyen with fused sulphur, and yarious cements, haye 
been used, and for some purposes haye preyed tolerably 
satisfactory ; but the absorption and eventual crystal- 
lization of chemical salts within the interstices of this 
material haye invariably ended in its disintegration, 
or gradual crumbling away. Yats or tanks made of 
wood, be they neyer so cunningly put together, being 
tongued, bolted and screwed with the utmost care, 
invariably leak. Disappointment, delay, and loss of 
material haye been so great in this respect, that we 
would certainly dissuade any intending nickel-plater 
from putting his faith in wood alone. It is a good 
plan to haye the tank made of ordinary pine, well 
bolted and screwed for strength; it should then be 
lined with thin sheet-lead, carefully and effectually 
" burned," so as to be thoroughly water-tight. After 
ascertaining beyond doubt that the leaden lining will 
hold water, it should nexi have a lining of match- 
boarding, properly and carefully placed, without nail 
or screw, this wooden lining being bound together and 
held in position by an upper frame of wood. A plan 
which has been adopted of lining wooden tanks with 
lead, and then pitching them throughout, has proved 
a very unsuccessful one, and for several reasons : pitch 
does not firmly adhere to metal, when constantly in 
contact with water; the frequent yariations of tem- 
perature between the summer aa<3L '^Axi\«tTSi^''s>i3^^^'^^ 
the difference between tlio ^QLfiat-c.OlA>l<^^^\s^% Y^-^^ ^ 
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lead and water, cause the separation of the pitch coat- 
ing from the metallic surface. Again, in a lead-Kned 
and pitched tank, if the anodes press close to the sides 
of the vessel, the weight of the anodes frequently 
causes the copper hooks which support them to become 
imbedded in the pitch, until they eventually come in 
contact with the leaden lining ; and as the fugitive 
coating of pitch gives way (often in large flakes, which 
rise to the surface of the solution), the metallic lining, 
being in connection with the anodes, actually becomes 
a positive electrode, thereby endangering the equi- 
librium of the solution. In the case alluded to, the 
electric spark was obtainable from every part of the 
leaden lining of the tank or rather tanks, by which 
much of the power was lost ; and this need not be 
wondered at, when we consider that the anodes 
weighed nearly a quarter of a hundredweight each, 
and were placed so close to the sides of the tanks that 
during the hot summer months it was no troublesome 
task for the supporting-hooks to imbed themselves 
comfortably in the softened pitch, and thus place 
themselves in direct contact with the metal lining. 

In small operations, where only a few gallons of 
nickel solution are required, the best material to adopt 
is the ordinary stoneware, such as may be obtained 
from the Lambeth potteries. This material is well 
suited for most chemical operations, inasmuch as it is 
neither affected by acids, alkalies, nor alkaline salts, 
unless there be an accidental flaw in the vessel, in 
which case mischief may occur at any time. In 
selecting stoneware for nickel-plating or other pur- 
po8€8, it 18 advisable to well exoimTie ^ltA ^ovnid the 
vessels to be selected, before purcbLmag \JD.env, 
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It is well known to electro-metallurgists that metals 
deposited by electricity do not adhere so firmly to their 
kind as to other metals. Thus gold will adhere more 
tenaciously to silver, copper, or brass than it will to 
gold or to a gilt surface, and silver will attach itself 
more closely to copper or brass than to a silver-plated 
surface. Knowing this to be the case, it is the practice 
to remove, by " stripping'' or polishing the silver from 
old plated articles before electro-plating them. If this 
were not done, the deposited coating would in all pro- 
babiUty " strip," as it termed, when the burnisher was 
applied to it, — that is, the newly deposited metal would 
peel off the underlying silver. It must be understood 
that these remarks apply to cases in which a good, 
stout deposit of silver is required, for, of course, a mere 
film would not present any remarkable peculiarity. 

In strengthening electrotypes, when the object is to 
deposit as speedily as possible a stout coating of copper 
upon the original " shell," it is easy to recognise the 
second or third layer of metal, resulting from increased 
battery power, temporary exposure to the atmosphere, 
or other disturbance of the original condition. But in 
no case does the non-adhesion of a metal upon its kind 
show itself more forcibly than in that of nickel. For 
example, if an article has been coated with this meta,!, 
(even lightly), and after being properly brushed with 
powdered pumice and water it receives a further deposit 
in the bath, it is more than probable that the second layer 
will separate from the first, either under the hands of 
the finisher, or (if the deposit be a moderately stout 
one) without coming in contact with any substance 
whatever. It is not an uncommoiL m^>axcL^\aXiRfc^ \s^ 
niciel plating under unfayouxa\>\% e.OTi'^HKRrcL^^ \a ^' 
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the deposited metal rise up in flakes, from one or more 
parts of an article (especially on steel surfaces) , without 
even having been touched by the hand. And although 
this peculiar phenomenon will show itself upon new 
work occasionally, it is more frequent in work which 
has been previously plated with nickel. 

The Americans adopt the system of suspending a 
piece of stout wire from either end of the negative 
suspending rod, and this is always allowed to remain 
in the solution, so as to divert the current when small 
articles are first placed in the solution, and thus to 
prevent them from "burning,'' as they call it. This 
wire is called a " stop." 

In one case where we have seen this plan adopted, a 
rod of brass, which had been suspended in the bath for 
some considerable time, became coated with nickel in a 
crystalline forir the deposited metal being built up in 
a series of ci}otalline nodules, of great depth and 
solidity, the lower portion of the rod (which was about 
^ inch in thickness) having received a deposit of about 
1 in. in diameter and which, tapering upward, to the 
length of about 15 in., exhibited crystals of the metal 
throughout its whole length, terminating in a deposit 
of about iV of an inch. A piece of brass tubing, how- 
ever, which had been used for the same purpose, 
exhibited a very remarkable difference as to the 
character of the deposit. After having received the 
first coating of metal (while the bath was full of work) 
it was destined to remain in solution while the second 
batch of articles was being prepared, during which 
period the dynamo-electric machine was stopped. 
When the machine was again put in. motvon.) the tube 
received a second deposit, and so on. iiom Sl^^ \.o ^^^ ^ 
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until it finally presented a yerj peculiar appearance. 
Instead of being coated with a solid body of metal in 
the crystalline form referred to, it exhibited numerous 
laminae, more or less detached from each other ; and 
when several of these layers had become partially 
attached, they broke away — curling outward — from 
the underlying coatings, presenting a very rugged 
and irregular appearance. On examining these deposits, 
it was found that the various layers of nickel had no 
adhesion whatever, and that they were easily separable 
with the point of a penknife. In fact, the operation 
was not unlike that of separating the laminso of mica. 

If, therefore, as we have endeavoured to show, 
metals — ^but more especially nickel — do not readily 
adhere to their kind when deposited by the electric 
current, we must avail ourselves of the best means to 
avoid the stripping or peeling off of the electro deposit 
from the underlying metal. 

When an article has to be re-nickeled it is best, 
in the first instance, to remove the old coating by 
dissolving it from the surface, taking care, as far as 
possible, not to affect the metal of which the article 
is made. Suppose, for example, a piece of brass work 
has to be re-nickeled, the first thing to do is to pre- 
pare a stripping acid which will readily remove the 
nickel, without impairing the brass in any appreci- 
able degree. For this purpose, a mixture of sulphuric 
and nitric acids may be used, in various proportions, 
but probably the following will be found most useful 
for general purposes : — Take, say, 4 lbs. strong sul- 
phuric acid, 1 lb. nitric acid, and about one pint of 
cold water^ and mix together in a %\.qi^<^ \^t. Tk^^ 
water abonld be added graduciW.'^* ISCvSts^-'^^Si^^ 
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articles may be stripped in this solution by immersing 
tbem in it for a few moments. If the coating is very 
thick, several minutes will elapse before the metal 
becomes entirely removed. The solution may be gently 
warmed before using, but this is not absolutely neces- 
sary. The operation of stripping should be conducted 
in the open air if possible, or near a fire-place, so that 
the acid fumes may escape through the chimney. The 
articles to be stripped should be attached to a copper 
wire, and taken from the solution from time to time, 
so as to observe whether the metal has been removed. 
The articles must not be allowed to remain in the 
stripping acid one moment longer than is necessary to 
dissolve the nickel from the surface of the article. 
Lightly coated work may be stripped in less than half 
a minute. When the stripping of brass work has been 
properly conducted, a smooth, bright surface is pre- 
sented, showing but little evidence of the action of the 
acid upon the article itself. It is hardly necessary to 
state that the acid fumes are deleterious, and should not 
be inhaled by the operator. Nickel may be stripped 
by means of the battery, that is to say, by attaching 
the articles to the positive electrodes, (employing them 
as an anode) ; but a separate solution should be used 
for this purpose, as it may acquire a trace of copper 
from the brass work, which would impair the ordinary 
solution-bath. When the battery is used for stripping 
nickel-plated work, it is a good plan to employ a solu- 
tion of dilute sulphuric acid for the purpose, which 
will dissolve the nickel without affecting the brass to 
any appreciable extent. Where the dynamo-electric 
machine is employed, the current may be advantageously 
used £or etrippmg old work, as the operation can be 
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effected in a short time by this powerful machine, and 
thus the annoyance of acid fumes may be avoided. The 
energy of a dynamo-electric machine would enable the 
user to strip a large quantity of old plated work in a 
very short space of time. Articles which have been 
stripped require to be repolished before being plated a 
second time, and it is very important that none of the 
old nickel coating should be left upon the work, other- 
wise it wiU surely strip when being finished. 

Cast-brass work, when it presents numerous and 
deep sand-holes, should be well dipped in the dipping 
acid before being polished, in order to thoroughly clean 
these objectionable cavities ; and the polishing should 
be pushed to an extent sufficient to obliterate the 
smaller sand-holes, if possible, as this class of work 
looks very unsightly, when plated and finished, if 
pitted all over with minute hollows. The larger sand- 
holes cannot, without considerable labour, be oblite- 
rated; indeed, it not unfrequently happens that in 
endeavouring to work out such cavities, they become 
enlarged, as they frequently extend deep into the body 
of the metal. An experienced hand knows how far he 
dare go in polishing work of this awkward character. 

A very important and troublesome defect in the 
deposition of nickel will sometimes present itself, and 
must receive immediate attention when observed. 
Certain dark streaks will sometimes be found to start 
from a given spot, and extend occasionally to several 
inches in length. Reflectors, with rivets upon their 
faces, will generally give some trouble from this cause, 
even when the utmost care has been bestowed upon 
the preparation before plating. It will be found that 
the dark streak referred to starts from each, rv^^<.^ 
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extending downward to the outer edge of the reflector. 
The cause of the defect is dirt^ or grease, beneath the 
rivet-head, which, when the article is in solution, 
gradually oozes out, and by its gravity, slowly traverses 
the face of the reflector while deposition is going on. 
At the spot where the particles of dirt have been slowly 
travelling, there is little or no deposit of metal, the 
continual flow of minute particles of foreign matter 
over the spots indicated having prevented the deposi- 
tion of metal at such parts. As these defects will show 
themselves at an early stage of the process, the article 
should be examined, after having been in the bath a 
few minutes, and if the streaks appear, it must be 
again well brushed with powdered pumice, rinsed, and 
returned to the bath. It would be fatal to the success 
of the operation if these precautions were not taken, as 
the parts where the streaks had occurred would show the 
underlying metal the moment after the polishing-buff 
was applied, even though the rest of the article had 
received a substantial coating of nickel. Although 
defects of this character frequently show themselves in 
silver-plating, they are not so serious as in plating with 
nickel ; and for the reason that the cyanide of potassium 
in the silver solution would have a tendency to saponify 
any trifling greasy matter, while the nickel solution 
would have no such effect upon it. 

To regulate, or govern the amount of electric current 
generated by the dynamo-electric machine, or by power- 
ful batteries, the "resistance coil" (see engraving) 
is indispensable. This simple contrivance consists, of 
a mahogany or cedar board, about 14 in. x 10 in., 
upon which a coil of thin brass or German silver wire 
2s stretched by means of brass pins. By moving the 
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key to S (strong) the full current paasee into tJie Tat 
If the key, however, be moved 
from peg to peg towards the 
right, the current is resisted, 
gradually, until, on reaching 
W (weak) the amount of our- 
rent entering the vat is reduced 
to a minimum. In starting 
this instnunent the key should 
be placed at W, and as the 
bath is being filled with work,, 
it should be gradually shifted, 
one peg at a time, in the direc- 
tion of S. When carefully nnd 
judiciously employed the resistance coil enables us to 
control the current to the fullest extent — a most im- 
portant advantage in large operations. Where the 
dynamo-electrio machine is adopted, this means of 
governing the current is indispensable. Although 
there are many forms of this instrument, all more or 
less useful, we are inclined to think that the one re- 
presented in the woodcut is about the best, especially 
if the ■wires, half-way from S to centre of the coil, are 
of German silver, and the remainder of the wire brass, 
united to the former by hard solder. 

It is very essential that the wires of the coil should 
be placed at some distance from the board, otherwise, 
when the full amount of resistance is affected, by plac- 
ing the key at S, the wires frequently become red-hot, 
and the board is liable to be charred, as we have fre- 
quently known to be the case. The brass pins for 
suppcirting the wire should be long enough to keep the 
wires at least three-quarters of an inch from the aurfaoe 



118 ELECTRO-METALLURGY. 

of the wooden board. Should the wires become dis- 
lodged at any time, so as to approach the board too 
closely, they should be at once readjusted ai^d placed 
close up to the head of each pin. 

Tin. — A very good tinning solution may be made by 
first dissolving granulated tin in hydrochloric acid, 
taking care to have an excess of the metal. This 
should be done over a sand-bath and the acid fumes 
allowed to escape through the flue. When the fumes 
cease to be given off, the vessel should be set aside 
until quite cold, after which the solution (chloride 
of tin) may be transferred to another vessel and 
diluted with water. Pour into the chloride solution 
a strong solution of caustic potash, which will form 
a precipitate which will become dissolved by adding 
more of the potash solution. From 2 to 3 ounces 
of metallic tin to each gallon of bath will make 
a good solution. This must be worked with an anode 
of pure tin ; but since this is but sparingly soluble in 
caustic potash, it will be advisable to adopt the method 
suggested at page 241 to keep up the strength of the 
solution. The activity of the bath may be increased by 
adding a moderate proportion of cyanide and a small 
quantity of liquid ammonia. 

Some of the salts of tin are soluble in liquid ammonia, 
caustic potassa, or caustic soda, and the metal may 
be deposited from either of these solutions : a little 
cyanide favours the rapidity of the deposit. Tin 
may also be deposited from an acid solution, the proto- 
chloride for instance, and a very beautiful effect is 
produced by bringing the anode and cathode within 
an inch of each other, in which case a fine mass of 
crystals of tin will start out from the negative pole, 
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Approacli the positive pole^ and gradually assume many 
beautiful and eccentric forms. The slightest motion 
causes the crystals to fall from the electrode. 

Zinc. — Many persons have tried to deposit this metal 
from acid solutions— more especially from a solution of 
the sulphate — hut for all practical purposes the pro- 
cesses have been a failure. The principle of depositing 
metals upon each other from acid solutions is bad, 
owing to the fact that the metal, when coming in con* 
tact with the acid solution, generally becomes acted 
upon without the aid of the battery. 

In 1855 1 patented a process for depositing zinc from 
an alkaline solution, which gave exceedingly beautiful 
results^ and the metal deposited thereby was tough, 
reguline, and otherwise well suited to many practical 
purposes. As I believe the process is susceptible of 
many practical applications, it will be found fully 
described in the subjoined 

SPECIFICATION. 

My Invention consists, firstly, in forming a solution 
for the purpose of coating iron or steel with zinc by 
galvanic agency. To form the solution I proceed as 
follows : — I dissolve 200 ounces of commercial cyanide 
of potassium in twenty gallons of water (rain-water or 
distilled water being preferable) in a suitable vessel; 
I then pour into this solution 80 ounces by measure of 
strong liquid ammonia (of the specific gravity of '880 I 
prefer). Having stirred these compounds together, I 
place several large porous cells, such as those used 
in DanielFs batteries, in this solution, and pour 
into each of the porous cells as much of a strong 
solution of a cyanide of potassium ^^^7,^W5.\.\^ ^njk^r.^^ 
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to the gallon) as will be equal to the height of the 
solution in the larger vessel; I then attach several 
pieces of metal, copper or iron by preference, to pieces 
of copper wire, which are then to be attached to the 
negative pole of a galvanic battery. These pieces of 
copper or iron are to be placed in the porous cells. I 
next attach a piece or several pieces of zinc to the 
positive pole of the battery, and I then immerse these 
pieces of zinc in the solution of cyanide of potassium 
and ammonia. For the above purpose I prefer using 
good milled zinc, the weight of which is to be ascer- 
tained before immersion; and I think it better to 
" pickle *' the zinc slightly, previous to immersion in 
the cyanide solution, with dilute hydrochloric acid, after 
which process it should be well rinsed in clean water. 
The galvanic battery is now to be set in action, and 
allowed to continue in action on the above materials 
until the solution of cyanide of potassium and ammonia 
has taken up about sixty ounces of zinc, that is to say, 
about three ounces to the gallon of solution. 

As soon as the pieces of zinc have been weighed to 
determine the amount dissolved into the cyanide solu* 
tion, I dip them into dilute hydrochloric acid, and then 
rinse them, when they are placed aside for future 
operations, if necessary ; the porous cells are then to 
be removed. I now dissolve 80 ounces of a carbonated 
alkali (I prefer the carbonate of potassa) in a portion of 
the above solution, and when dissolved I add it to the 
original solution, and stir the whole together for a few 
moments, after which I allow the solution to stand 
undisturbed until the sediment formed has subsided ; I 
then transfer the clear solution to another vesse^j when 
it 18 re&dy for use. 
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The above solution may be made in a more concen* 
trated form^ say^ with half the quantity of water, and 
it may be diluted down to the required strength by 
adding more water when wanted to be worked. I 
prepare cast or wrought iron or steel to be coated with 
the above solution in the following manner, having 
first made a pickle composed of, — 

Sulphuric acid 1 ponnd. 

Hydrochloric acid i t» 

Water . 2 gallons. 

The articles to be coated are first plunged into the 
above pickle, and allowed to remain until the oxide of 
iron is easily removable with a brush, sand, and water. 
As soon as the articles are su£Sciently pickled, they are 
to be rinsed in clean water, and are then to be cleaned 
with a hard brush, sand, and water ; and any oxide which 
may not have been quite removed by the pickle may be 
scraped or otherwise removed, or the article be returned 
to the pickling bath until these parts yield to the brush 
and sand ; or the iron or steel may be cleaned by the 
processes ordinarily used at the "galvanised iron works." 
"Wlien the articles to be coated are quite free from oxide, 
they are to be well rinsed in clean water, and immedi- 
ately placed in the zincing bath, in connection with the 
negative pole of the battery. 

As soon as the articles have received a slight coating 
they should be removed from the bath and examined, 
in order to ascertain if there are any parts remaining 
unclean, in which case those parts should be cleaned, 
and the whole article once more brushed all over as 
before and then returned to the bath, where it is to 
remain until sufficiently coated. It is as well, however^ 
to move the article about in tTae soVvxIvotl ^^i^-^iv^ras^ 
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in order to insure an uniform deposit. As soon as the 
articles are sufficiently coated they are to be removed 
from the bath and rinsed in clean water (hot water being 
preferable), and they may then be placed in saw-dust to 
dry them. The articles may be rendered bright either 
by means of the scratch-brush, or by gently scouring 
with silver sand, water, and a soft brush. When the 
above solution has been in use some time it will be 
necessary to add occasionally a little cyanide of potassium 
and liquid ammonia, so as to keep the solution at as 
near as possible the original strength ; and if the solu- 
tion, from being worked with too small a surface of 
positive electrode, or from other causes has become 
deprived of a portion of its zinc, I place in the solution 
(by suspension or otherwise) several porous cells, which 
I fill with strong solution of cyanide of potassium, and 
into which I put pieces of copper or iron as before, in 
connection with the negative pole of the battery, and 
the zinc electrodes I attach to the positive pole of the 
battery, by which means I am enabled to keep up the 
strength of the solution. The above solution is to be 
worked with zinc electrodes (milled zinc being prefer- 
able), and it will be necessary in coating flat surfaces 
especially to place a piece of zinc on each side of the 
article to be coated ; for instance, if sheets of iron are 
to be coated, they are to be placed in the solution 
alternately, that is to say, sheet zinc, sheet iron, sheet 
zinc, and so on, (the sheets of iron and zinc exposing 
about the same area of surface,) otherwise the surface 
opposite the zinc electrode will receive the greatest 
amount of deposit. I prefer using a battery which 
fields a considerable quantity of electricity, and the 
action of which can be maiuWued. fox a considerable 
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time without losing its power, by which means I not 
only secure a good deposit, but uniform results. The 
battery which I prefer is that known as Bunsen's 
battery, or a battery composed of carbon and zinc ele- 
ments. Two or more 4-gallon cells of this battery may 
be used when large articles are to be coated, or when a 
considerable quantity of work is to be done in the bath 
at one time. When cast or wrought iron or steel has 
become much rusted, it may be cleaned with strong 
hydrochloric acid, or with a strong pickle composed of 
hydrochloric acid and water, but it must not be allowed 
to remain too long in this pickle, or the iron or steel 
will be acted upon. 

Articles of cutlery may be coated by the above pro- 
cess to preserve them from oxidation or rust in damp 
climates or during sea voyages, &c., and as they will 
only need a slight coating for this purpose, they will 
not require to remain long in the bath. In pickling 
bright steel articles, I should not recommend the use 
of any hydrochloric acid. 

Electro-deposition of Alloys of Metals.— Besides 

the metals already referred to, I have succeeded in 
depositing an alloy of copper and nickel, forming a 
very ^ood quality of German silver, by dissolving 
German silver in nitric acid, precipitating with an 
alkali, and re-dissolving with cyanide of potassium. 

Silver and gold — forming what jewellers term '' green 
gold " — ^may also be deposited by adding to a solution 
of gold a small quantity of solution of silver, but the 
solution must be worked hot, and with weak battery 
power. Copper and gold may also be deposited together 
in the same way. However, the only alloy which seema 
to have much practical value in. \t \a \Xv«i\. ol \yc%sa.^^ssA 
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an extensive manufacture is now being carried on iu 
this art both in England and on the continent. 

I trust that the reader will find in the foregoing 
pages sufficient practical matter to enable him to work 
the various processes described with facility and cer- 
tainty of success. I have endeavoured to divest the 
details of any unnecessary technicality^ and to give each 
process with as much conciseness and simplicity as 
possible^ in order that the student might at once arrive 
at the readiest mode of setting to work. Those pro- 
cesses which I have dwelt fully upon/ are those which I 
have found most practicable and economical^ and conse- 
quently more likely to succeed in the hands of the 
uninitiated. 
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PART II. 

PEACTICAL NOTES. 



1. Electro-platers will doubtless have noticed^ when 
a very thin coating of gold has been deposited upon a 
silver article (a chain, for instance), and the article, 
after being accidentally broken has been repaired by 
hard-soldering, that the film of gold has almost entirely 
vanished from each side of the soldered spot — probably 
to the extent of an inch or two — ^by the heat of the 
blowpipe flame. The gold has sunk, as it were, into 
the silver, possibly alloying itself with that metal. We 
say possibly y because it is the opinion of some observers 
that such is really the case : we are inclined to think, 
however, that the disappearance of the gold film is due 
to the expansion of the silver by heat, which disturbs 
its molecular structure, and causes the infinitely minute 
particles (query, crystals) of gold to become at first 
separated, and subsequently absorbed, by contraction of 
the silver upon cooling. We are led to this view 
because we doubt whether the heat which reaches the 
farthest point from which the gold disappears would be 
sufficient to form an alloy in the proper sense of the 
term, although it would doubtless be so within the 
immediate range of the blowpipe flame. Whether this or 
the alloy theory be the most correct, we leave for further 
investigation. The fact, however, of the absorption — so 
to speak— K)f electro-deposited metaU Vj >Jtift ^^vxfeR.^ ^'^ 
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other metals when subjected to heat, has been taken 
advantage of, in the process termed "pyro-plating." 

The rationale of the pyro-silvering process, which is 
specially applicable to steel and iron, is briefly this : — 
The article is first steeped in a boiling solution of 
caustic potash ; it is then brushed over with emery, 
and afterwards with a steel brush and a solution of 
common soda, in which it is allowed to remain a short 
time. The article is next connected to the negative 
electrode of a strong battery and suspended in a hot 
solution of caustic soda, when hydrogen is given off 
freely from its surface, and after awhile it assumes a 
bright silvery lustre. After rinsing, the article is 
placed in a silver bath, with a metal plate (previously 
weighed) by its side, and this should be about equal to 
its own surface. This plate is weighed from time to 
time to indicate the amount of deposit received by the 
article itself, which is then rinsed and heated in a fur- 
nace until the silver has partially sunk into its surface. 
Pyro-gilding is efiected by first depositing a layer of 
gold, then heating the article until this nearly 
disappears, after which a second and third coating are 
given and treated in the same way — the la^t layer 
remaining upon the surface. 

2. If the operator requires to dissolve gold of 
inferior quality, for the purpose of making his gold 
solution, he should first treat the gold in the following 
manner : — To one ounce of alloyed gold of the same 
quality as that which " colored " gold chains are made 
of, add two ounces of silver. These are now to be 
placed in a crucible and melted in a furnace, a little 
borax being added as a flux. As soon as the alloy is 
thoroughly melted^ it should be poured into a deep 



REFININa GOLD AND SILVER. 127 

ressel of cold water (kept well stirred in a circular 
direction all the time), and thus it will become " gra- 
nulated/^ as it is termed. The granulated metal is now 
to be removed, and placed in a Florence flask, and to 
be treated with one part nitric acid and two parts 
water. This is allowed to digest for an hour or so ; 
applying gentle heat when the chemical action dimi- 
nishes in vigour. The nitric acid will remove all the 
copper and silver from the gold, which latter will 
remain at the bottom of the flask in the form of a dark 
brown irregular mass. The acid, which will have 
acquired a green colour, may now be poured into a 
separate vessel. It will be well to add a little fresh 
acid to the gold, applying heat as before, in order to be 
sure that all the copper and silver have been removed. 
If the acid does not produce chemical action (which 
may be seen by the absence of red fumes in the body 
of the flask), the operation is complete. The gold is 
now to be washed well with hot water, and the washings 
are to be added to the first solution which was poured 
from the flask. The gold in its present state may be 
dissolved with nitro-hydrochloric acid, and thus con- 
verted into chloride ; or it may be dried, mixed with a 
little dry potash, and fused iu a crucible. When 
melted, the gold may be granulated, or poured into an 
ingot. 

The solution of nitrate of silver and nitrate of copper 
formed above, may be thus treated, in order to collect 
the former : — Put into the vessel containing the green 
solution a piece of stout sheet copper. In a few moments 
the silver will begin to deposit itself upon the copper, 
and by continuing the process for some time — adding a 
gentle heat^ the whole of the «\\Ne.t V^ ^\^\il^>^^6^ 
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become precipitated in the form of minute crystals. In 
order to ascertain whether all the silver is thrown down, 
pour a little of the green liquor into a wine glass, and 
drop in a little hydrochloric acid, which, if any silver be 
still present in the solution, will form a white precipi- 
tate. If, on the contrary, no precipitation takes place, 
the green solution may be poured off and thrown away. 
The silver is to be washed several times, to free it from 
the copper, and when the last washings pass oflf clear, 
the silver may be dried and melted, with a little potash, 
in a crucible ; or it may be dissolved in nitric acid and 
used for making a plating solution. 

The copper may be thrown down from the above 
solution, when the silver is extracted, by immersing in 
the solution a few pieces of iron, but it is never worth 
while to do this except for experimental purposes. The 
solution, however, may be used with the sulphate of 
copper batteries. 

3. Sometimes, when gilding the insides of mugs, 
tankards, &c., which are richly chased or embossed, it 
will be found that the hollow parts do not receive the 
deposit at all, or very partially. When this is the case, 
the article must be rinsed and well scratch-brushed, and 
a little more cyanide added to the solution. The anode 
should be slightly kept in motion and the battery power 
increased until the hollow surfaces are coated. Frequent 
scratch-brushing aids the deposit to a great extent, by 
imparting a slight film of brass to the surface. 

4. Silver filagree brooches and articles which have 
been annealed and cannot be scratched bright, owing to 
their peculiarity of construction, are frequently trouble- 
some to gild^ for the rough surfaces caused by the fire, 

in the process of annealing, are mdiSetexit conductors 
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of the current* It will therefore be adidsable to scratch- 
brush the articles as far as practicable^ and to add a 
little more cyanide of potassium to the solution in which 
this class of work is to be gilt. The article must be 
constantly moved about, in solution^ until coated all 
over. The battery-power should be brisk* 

6, When articles gild a "foxy" colour, as it is termed, 
this is either owing to the presence of too much cyanide, 
excess of battery power, or exposure of too large a sur- 
face of anode. When this defect shows itself, raise the 
anode a little and keep the article in motion while in 
the bath, or remove the anode altogether and move the 
work about in the solution for a few seconds. This will 
generally remedy the defect. The power of the current, 
however, should be diminished, or the anode will become 
wasted. 

6. When a gold solution has been worked for a long 
time, it becomes contaminated with organic matter, and 
the deposit is of an inferior colour in consequence. In 
this case, I have observed that the solution may be 
restored to good working condition by evaporating it to 
dryness, and then adding distilled water to re-dissolve 
it. A little cyanide should then be added, and the 
solution filtered for use. The heat required to evaporate 
a solution to dryness does not, as many people suppose, 
impair the solution, or decompose it; it merely appears 
to destroy the'organic matter and to prevent its influence 
in the working of the solution. 

7, It is sometimes found impossible to make a gold 
solution work well which has been in use for some years, 
even evaporation to dryness failing to restore it. It is 
therefore better and more economical to abandon it 
altogether and make another • TlVve %o\5Licwck ^^vSsj^- 
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tions may be recovered by means of the battery, or bj 
precipitating the gold with acid. If the former plan is 
adopted, a piece of copper should be attached to the 
negative pole of the battery, and another piece (as an 
anode) be attached to the positive pole. When the 
battery has been in action for some time, the gold — or 
at all events the greater part of it — will be deposited 
upon the negative pole, from which it may be removed 
by mechanical means, or by dissolving it off with nitro- 
hydrochloric acid. If it is preferred to throw down the 
gold from the solution with acid, the solution must be 
placed in a large vessel in the open air, as the fumes 
which will arise are highly deleterious if breathed, and 
sulphuric acid poured in carefully until no further effer- 
vescence takes place. The precipitate formed should be 
allowed to subside, when the clear liquor may be poured 
off and thrown away. The precipitate may be washed 
with hot water; after which it may be dried, mixed 
with a little potash, and fused in a crucible until the 
gold is gathered into a button. The operator will 
seldom find that he can recover nearly the amount of 
gold that he put into the solution ; owing to the irre- 
gularities of working, the solution becomes deprived of 
a considerable proportion of gold, and I have frequently 
found that old solutions will yield scarcely any metal 
worth speaking of. 

8. In gilding, if a copper and a silver article be 
immersed in the solution together, the copper article 
will receive the deposit first, and the silver article will 
be troublesome to gild sometimes under such circum- 
stances ; and in trying to force the gold upon the silver, 
probably the copper article will receive the deposit so 
quickly that it will be liable to atrip oflf whcu scratch- 
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brushed. The silver article, therefore, should be placed 
in the solution first, and when it is coated, the copper 
one may be suspended by its side. 

9. Each metal to be gilt plated or brassed, should 
have a solution for itself, otherwise the bath in which 
several different metals have been coated, will become 
impaired, unless, however, each metal has first been 
coated by itself to some extent. 

10. When it is found that the operator cannot, from 
some cause or other, produce a good colour when gild- 
ing, it is useful to have at command the means of im- 
proving the colour without the trouble and annoyance 
of persevering with an indifferent gold solution. Some 
gilders employ the foUo^iing mixture to give an artificial 
colour to gilt work ; and provided the work is strongly 
coated, it may be used with advantage : — 

Alnm • 3 cmncct. 

Nitrftte of poiaiwa (naltpetre) . . . . 6 ,, 

Balpbate of zinc 3 ,, 

Common salt 3 ,, 

Mix the above materials into the form of a thiol 
paste, dip the articles in it, or brush them over with 
the compound, and place them on a piece of sheet iron. 
The iron is to be heated over a clear charcoal or coke 
fire, until the articles appear nearly black, when they 
are to be plunged into cold water. A very useful 
formula, and one which may be used with less care than 
the above — especially for tmall work, is the following: — 

OU. DWTS. 010. 

Snlpbate of copper .... 2 

French Tcrdigris 4 12 

Chloride of ammonium (Sal ammoniac) .0 4 

Nitrate of potaMa 4^ 

jLcetioAeid . . ^a\>ou.\^ \ ^ ^ 
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Reduce the sulphate of copper^ sal-ammoniac and 
nitrate of potassa to a powder, in a mortar ; then add 
the verdigris, and pour in, little by little, the acetic acid, 
stirring well all the time ; the whole will assume a 
bluish-green mass. The article to be coloured is to be 
dipped into this mixture, and, being placed on a piece 
of sheet copper, heat is to be applied until it assumes a 
black colour. It is allowed to cool, and is then placed 
in a tolerably strong sulphuric acid pickle, which will 
dissolve the colouring salts, and the article will assume 
a rich fine gold colour. It is sometimes advantageous 
to scratch-brush the article before submitting it to the 
above process, and it will then come out of the pickle 
perfectly bright. The article, when removed from the 
pickle, is to be well rinsed in warm water to which a 
little potash has been added. A soft brush and soap 
and warm water, skilfully applied, will tend much to 
improve the article — especially if the work is either 
chased or embossed. 

11. Moving the articles about in the bath, will at all 
times enable the operator to vary the colour of the 
deposit from pale straw-colour to a very dark red. The 
temperature of the solution likewise influences the 
colour of the deposit, the colour being lightest when 
the solution is cold, and gradually becoming darker as 
the temperature increases. Variations in the surface 
of anode exposed while the articles are in solution, will 
also alter the colour of the deposit. The amount of 
cyanide in the bath and the strength of battery-power, 
influence the deposit in the same way. 

12. If there be not sufficient cyanide in the gold 
solutioiij the anode will not become freely dissolved ; 

consequently , as has been aho^ini, t\ie %o\\x\.\<5tv mil soon 
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become exhausted of its gold^ and the articles gild of an 
inferior colour. Adding more cyanide^ under such cir- 
cumstances^ will not remedy the defect^ but a little 
concentrated solution of gold should also be added at 
the same time. 

13* In gilding watch-movements^ the greatest care 
must be observed with regard to cleanliness. The 
work is first to be placed in a weak solution of caustic 
potassa for a few minutes^ and then rinsed in cold 
water. The movements are now to be dipped in pickling 
acid (nitrous acid) for an instant, and then plunged 
immediately into cold water. After being finally 
rinsed in hot water^ they may be placed in the gilding- 
bath and allowed to remain until they have received the 
required coating. A few seconds will generally be 
sufficient^ as this class of work does not require to be 
very strongly gilt. When gilt, the movements are to 
be rinsed in warm water, and scratch-brushed; they 
may then be returned to the bath, for an instant, to 
give them a good colour. Lastly, rinse in hot water, 
and place the movements in clean box sawdust. An 
economical mode of gilding watch-movements, is to 
employ a copper anode— working from the solution — 
which must be re-supplied with gold from time to time 
as the solution becomes exhausted. 

14* When an article is immersed in the silver solu* 
tion, if it assumes a dark colour, either the solution is 
too rich in cyanide, the battery-power is excessive, or 
too large a surface of anode is employed. Any one, oi 
all of these conditions combined, will cause this defect. 
The operator should at once remove the article (unless 
it be made of Britannia-metal, pewter, or lead), and 
have it cleaned again by tlie \x^\xA ^xo^:;^^^. "VV. "bk^ 
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then be returned to the bath^ and a much smaller 
surface of anode exposed. This will at once alter the 
colour of the deposit^ and the anode can be lowered a 
little from time to time^ to increase the speed of the 
operation. Should the article, however, still receive a 
dark-coloured deposit, either the solution must be 
weakened with water, or the battery-power reduced. 
But the solution should not be altered until the other 
remedies have been tried. 

15. When it is desired to give to a plated article, or a 
portion of the same, that appearance which is techni- 
cally termed "oxidation," any of the following pro- 
cesses may be employed with success. Sometimes very 
pleasing effects may be produced upon silver work by 
the " oxidising " proceses. 

1. Dissolve 1 dwt. of platinum in aqua regia. Eva- 
porate the acid, and when the resulting red mass is 
quite cold, dissolve in a little sulphuric ether or alcohol. 
Or the chloride of platinum may be dissolved in cold 
water, or used, in its acid state, before evaporation. 
Apply with a camel's hair pencil to those parts which 
are required to be " oxidised,'* and as soon as the spirit 
or ether has evaporated, the pellicle of platinum 
remaining will give the appearance required. 

2, Sulphate of copper ...... 2 dwts. 

Nitrate of potassa . • . . . . 1 ,, 
Muriate of ammonia . . • . . 2 „ 

Dissolve in a little acetic acid. Apply with a camel's 
hair pencil. The article should be warmed befoi'e using 
this mixture. 

3. Hydrosulphate of ammonia, strong or diluted^ will 
give either a dark or light tint of oxidation. 
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4. The fumes of sulphur will give to silver an ex- 
tremely beautiful blue steel-like surface. The operation 
should be conducted in a closed box^ all parts of the 
article not to be coloured being protected with a suitable 
cement or wax. 

5. Nitric acid alone will produce an oxidised surface 
upon silver. 

16* Certain parts of an ornamental silver article may 
have a very pleasing effect produced upon them by 
oxidising some parts, gilding others, and then depo- 
siting a slight coating of copper upon small portions 
of the article^ which may be done in the following 
manner : — Dissolve a little sulphate of copper, and add 
a few drops of sulphuric acid ; apply this solution to 
the part to be coated^ with a camel hair brush, now 
touch the moistened part with a piece of steel wire, and 
it will instantly become coated with copper. Any 
design can be worked in copper by this means ; but it 
is not necessary to state,, that the amount of copper 
deposited is very trifling, consequently the article should 
not be subjected to much wear. 

17. When a silver solution works badly, and it 
appears impossible to restore it by the ordinary means, 
the operator may precipitate the silver with sulphuric 
acid in the manner described for gold (page 130). The 
precipitate is to be well washed, and may then be 
re-dissolved with cyanide of potassium. Water is then 
to be added to make thie required amount of solution, 
and in all probability it will work as well as ever. The 
solution should be filtered before using, which may be 
conveniently done before adding the bulk of water. 

18* If^ when silver anodes are used, the solution con- 
tains a great excess of free cytBai\d.e) \\\& va^^^^ ^^ 
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dissolve away irregularly, and sometimes numerous 
small particles of silver drop off the anode; these 
particles, if allowed to fall on the work to be piated, 
will render it rough. It is therefore, under such cir- 
cumstances, advisable to place the anode in a canvas 
bag, or a bag made of Holland linen, by which means 
the small granules of silver will be retained, and may 
be collected from time to time, and melted or dissolved 
to make nitrate of silver. 

19, In " stripping '' articles, by the process given at 
page 56, the operator must take care that the fumes 
arising from the process are not allowed to enter the 
apartment in which he is operating, as they are exceed- 
ingly offensive and injurious. The process may be 
carried on upon a sand-bath, with a flue above, or upon 
the hob of an ordinary stove. 

20* Sometimes the silver thrown down from strip- 
ping solutions, when melted and cast into an ingot, 
will not, if submitted to the *^ flatting-mill " to be 
rolled out, roll well, but will crack under the operation. 
This defect is probably owing to the presence of a small 
quantity of zinc. It is better, in such a case, to remelt 
the silver with a small portion of copper, or to throw in 
some nitrate of potassa when the silver is in a state of 
fusion. 

21. When silver or electro-plated articles have be- 
come much tarnished by exposure to the atmosphere, 
the surfaces may be cleaned by brushing over them a 
strong solution of cyanide of potassium; or strong 
liquid ammonia will answer the same purpose. Jewel- 
lers' rouge, in the form of a paste, applied with a stiff 
brush, will render the surface of chased work clean, 
bat the bright surfaces should be polished with the 
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palm of the hand, and moist rouge, which is rubbed on 
until it becomes quite dry, and the hand appears black 
from the silver which has worked off the article by 
friction. When the articles are very dull, a little rotten- 
stone may be applied before the rouging process. 

22. Gold may be stripped from articles which have 
been gilt, by placing them in strong nitric acid, to 
which a little dry common salt has been added. When 
the gold is removed, the articles should be at once 
rinsed and cleaned in the ordinary way. When the 
nitric acid stripping solution has been worked a good 
deal it removes the gold but tardily ; it should then be 
cast aside, and the gold collected by evaporating the 
solution to dryness, and fusing the residuum with a 
little potassa or soda. When the gold is fused into a 
button, a little nitre may be added occasionally, in order 
to refine it thoroughly. 

23. As deposition takes place more rapidly upon those 
surfaces which are nearest the anode, it will be necessary, 
in order to coat the goods as uniformly as possible, 
to move them occasionally, and to present a different 
surface to the anode. By doing this frequently, a 
tolerably uniform deposit may be secured. Or the 
anode may be shifted to effect the same result. Pre- 
suming that electro-deposition takes place principally 
where the article is in "electrical sighf with the 
anode, it is well to surround the work with surfaces of 
metal to be dissolved, which will save the necessity of 
frequently moving the articles in solution. 

The insides of cream-ewers, sugar-bowls, teapots, &c., 
since they cannot be placed in such a position that the 
insides will be exactly opposite the anode, may &:«.<. 
receive a deposit inside by filling t\ve \e%%^ V>fi«v i^-s^^ 
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solution, and proceeding in the same way as m gilding 
the inside of a vessel. Or this may be left until the 
article is well coated outside. Generally speaking, it 
is better to let the solution be slightly moved occasion- 
ally, in order to expose fresh surfaces of the solution to 
the work being plated. 

24. Stout copper wires conduct the current better 
than fine wires; consequently, the wire employed in 
connecting the work to be plated and the anodes with 
the battery should be always sufficiently stout to carry 
the current freely. For a single cell, wire about one- 
sixteenth of an inch in thickness will be sufficient, but 
where a series cf cells are employed, in electro-brassing 
for instance, the wire should be much thicker, — say at 
least one-eighth of an inch thick. If too thin a 
wire is used, when the battery is in circuit, — that is, 
when it is connected with the anode and goods to be 
coated, — the wire will sometimes become quite hot, 
owing to its being unable to convey the amount of 
current generated. 

25. It is always advisable to commence the process 
of electro-deposition with moderate battery power, 
which may be augmented after a little while, except in 
those cases referred to in a former part of this work. 
If too strong a current is employed, the articles will, 
in all probability, "strip'' in the process of scratch- 
brushing or burnishing. Again, when the battery 
power is very strong, the solution becomes decomposed. 
As a rule, no eflPervescence or frothing should be 
allowed to take place in a plating bath. 

26. Electro-deposition will proceed much quicker 
when the temperature of the atmosphere or solution is 

high; therefore, the operator ikoxild. observe that the 
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surface of anode be not too great at first, or the battery 
power excessive, or the deposit will be faulty. When- 
ever a warm solution is employed, deposition should be 
allowed to commence slowly at first, gradually lowering 
the anode as the coat thickens. 

27* Deposition from silver or gold solutions takes 
place more actively upon brass, German silver, or 
copper, than upon silver or gold; therefore the operation 
must be carried on slowly at first. When a copper or 
brass article becomes covered with silver, deposition 
does not proceed quite so rapidly as at first, when the 
inferior metal was exposed in the solution ; the manipu- 
lator may therefore accelerate the speed of the operation 
as before recommended. The same operation applies 
to gilding. Gold is more easily deposited upon brass 
or copper than upon gold; therefore, after the first 
layer has been deposited, the operation may be carried 
on more vigorously. 

28. The apartment in which electro-deposition is 
carried on should be kept as dry as possible, and the 
temperature at about 60® F. In warm weather, when 
the apartment assumes a higher temperature, the 
strength of battery power, &c., should be regulated 
accordingly, otherwise deposition will take place too 
rapidly. 

29. Batteries employed for this purpose, should be 
made to work as uniformly as possible. When a battery 
works slowly, it is better to take on an extra cell of 
about equal power, than to make frequent additions 
of acid to the battery, which is apt to cause it to act 
irregularly. 

30. The zinc employed in a battery, when not excited 
by salt and water, should be '^ «Lm»]L^ixm^\.^\r ^^^S^^ 
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is accomplished by placing some mercury in a dish 
with a little hydrochloric acid. A piece of flannel or 
baize, tied to the end of a sticky and dipped into the 
acid and mercury, is to be rubbed all over the cylinder 
or plate of zinc^ until it assumes the characteristic bright- 
ness of mercury. When a cylinder of zinc is to be 
amalgamated^ I have found that putting mercury into 
a coarse flannel bag^ dipped now and then into hydro- 
chloric acid^ and applying it first to the outside of the 
cylinder^ renders the process of amalgamating this sur- 
face very simple and efifective, when only a small 
quantity of mercury is at hand. This is a very econo- 
mical method, as with care little or no waste of mer- 
cury occurs. When the amalgamated plate or cylinder 
has been in work some time, the operator should observe 
if " local action*' is taking place upon any part of the 
metal. When this is the case, it is accompanied by a 
violent effervescence within the cell. The cylinder 
should be at once removed from the cell, and those parts 
which have been most violently attacked by the acid 
solution, must be re-amalgamated. Where local action 
takes place, the part is generally of a dull and dark grey 
colour. 

31. The copper cylinders and plates used in batteries, 
should be occasionally cleaned with dipping nitrous 
acid, and then rinsed in cold water, or they may be 
scoured with sand and a hard brush. 

32. When the copper conducting wires become cor- 
roded by being splashed with solution, &c., they should 
be cleaned with a piece of emery cloth. I have found 
it advantageous to coat these wires with silver — this 
metal being less liable to corrosion than copper. 

S3t In using binding acrexvs Cot eoivwectm^ the wirej 
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of a battery with the anode and goods to be coated, the 
operator must take care that the connection between 
the point of the binding screw and the wire is clean, 
otherwise the current will be conveyed partially or not 
at all. It is well to slightly file the point of the screw 
before using itj or to roughen it with a piece of coarse 
emery cloth, which will enable it to grip the wire better. 
The hole through which the wire is passed, may be kept 
clean with a small round file. When binding screws 
become very mnch corroded, they may be pickled in 
sulphuric acid and water, for a few hours, and then 
cleaned with a hard brash and sand ; or they may be 
dipped in nitrous acid, 

34. Strips of sheet copper will be found very con- 
venient substitutes for copper conducting wires. The 
strips may be cut from a sheet about y', of an inch in 
thickneaa. 

35. In working a battery for electro-deposition, the 
operator must secure a considerable guantity of elec- 
tricity of sufficient ttUettMity to give the necessary activity 
to that quantity. I prefer, 

when arranging two or more 
cells of a battery, to deposit 
silver, attaching the wires 
connected with the ainc ele- 
ments to the metal rod on 
which the articles to be 
coated are suspended, and 
the wires proceeding from 
the copper elements I attach 
to the anodes. By this ar- 
rangement, the quantity is 
multiplied by the number o( cetts etai^o'^ft&.s -«Vet%'«».» 
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if the cells are alternated — ^that is, the zinc of the one 
cell to the copper of the next^ and so on — the intensity 
is multiplied and the arrangement only gives the quan- 
tity of one cell. 

36. When it is desirable to deposit the metal in a 
hard state^ it may be advantageous to alternate the 
cells^ so as to increase the intensity of the current^ as 
this quality of current seems to affect the nature of the 
deposit. A good tough reguline deposit appears to be 
dependent upon the current being feeble in intensity^ 
but considerable in quantity. 

37. In depositing brass^ however, the reverse seems 
to be the case, for here greater intensity is absolutely 
necessary, or the copper alone will be deposited. I 
have generally found that at least two cells of the zinc 
and carbon (an intense) battery, alternately arranged, 
have been necessary to obtain a deposit of good colour. 
Again, if the battery be too powerful, the zinc only will 
be deposited* The exact mean appears to be absolutely 
necessary to obtain good results in electro-brassing. 

38. When the anodes are only partially immersed in 
the solution, and have been worked for some time, the 
metal will dissolve off rapidly at the surface which is 
just out of the solution, and probably the anode may 
be divided, and fall into the solution. It is advisable, 
therefore, occasionally to shift the position of the anode 
in order to prevent this local action upon it. It is a 
good plan to suspend the anodes employed in gilding 
by stout platinum wires, so that the whole of the anode 
may be immersed when necessary, without the solution 
being injured. 

39« In preparing solutions, more especially gold and 
silver solutiona^ distilled water ^\io\x\^ \^^ eQLv\iloyed2 
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but^ when large quantities of solution are required^ 
this may be inconvenient ; therefore, rain-water, if it 
can be obtained, may be substituted ; or water which 
has been boiled, losing some of its impurities, may be 
used in preferende to common water. Pump-water is 
very objectionable. If rain-water is employed, it should 
be filtered before using ; and it is better to collect it as 
it falls direct from the atmosphere, rather than use 
that which falls off the roof of a house, &c. 

40. Electro-deposition of gold and silver may be 
carried on by the "single celP' arrangement; but, 
although very good results may be obtained by it, it is 
of very little commercial importance. The operations 
of gilding and plating, when conducted by the separate 
battery, are so simple that even the ''single cell" pro- 
cess, simple as it is, will scarcely be employed, except 
for experiment. 

41. In gilding or plating by the " single cell " pro- 
cess, however, a jar is fitted with a cylinder of zinc 
inside, which is excited either with sulphuric acid and 
water, or salt and water. A porous cell is placed in 
the centre, which is filled with either gold or silver 
solution. A strong copper wire is soldered to the zinc, 
to which the article to be gilt or plated is suspended, 
by means of a thinner wire, and the moment the article 
is immersed deposition takes place. 

42. It is advisable to anneal the anodes before using 
them. This may readily be done by making them red 
hot over a clear fire (a charcoal fire being preferable^ 
and then allowing them to cool. The anodes of gold, 
silver, copper, and brass may be plunged into dilute 
sulphuric acid after they have been annealed, by which 
their surfaces will be rendered quite e\ei^w ^\Ait^%Sx^\siL 



144 KLECTRO-METALLUEGY. 

the ''fire mark/' Brass and copper anodes may be 
dipped in nitrous acid for a moment^ and then plunged 
into cold water. 

43. Cyanide of potassium may be prepared^ for 
electro-chemical purposes, by the following process 2 — 
A quantity of commercial ferrocyanide of potassium is 
to be reduced to a powder; it is then to be roasted on 
an iron slab, or piece of sheet-iron with its edges turned 
up to prevent the material falling off. The heat is to 
be continued until the substance is quite free from 
water of crystallisation, whict will become evident by 
its losing its transparency. If the heat be applied too 
suddenly, the ferrocyanide is apt to decrepitate^ and 
much of it may be lost. Care must also be taken not 
to apply too much heat, or it will become fused to the 
iron slab. When the ferrocyanide is dried, it is to be 
mixed intimately with dry carbonate of potassa, in the 
following proportions : — 

Pried ferrocyanide 16 ounces. 

,, carbonate of potassa . . . . 8 ,, 

Both materials being well mixed, they are to be 
placed in an iron crucible or ladle, which should be 
previously made hot, and the whole subjected to a 
strong heat in a coke fire ; the heat may be increased 
as fusion progresses. When the substances have fused 
into a liquid, they are to remain in this state for about 
a quarter of an hour; the crucible is then to be removed 
from the furnace, and its contents allowed to settle for 
a few moments ; the clear liquid may then be carefully 
poured out, either into a shallow iron mould or upon 
an iron slab or dry flag-stone. The sediment remain- 
ing at the bottom of the crvxcWVe iUould be shaken 
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out wnile hot^ or it will be troublesome to remove it. 
[t is a good plau^ while the cyanide is fusing^ to dip 
an iron rod into the mass occasionally^ and then to 
examine the portion thus removed^ which will be brown 
at firsts and subsequently white when the process has 
been carried far enough. 

44. Sometimes electro platers have employed ferro- 
cyanide of potassium (yellow prussiate of potassa) 
instead of the cyanide in forming silver solutions, but 
this substance has not been found to answer well, since 
it has not the power of dissolving the anode, therefore 
the solution soon becomes exhausted of its silver. 
Again, it requires so large a quantity of the ferro- 
cyanide to keep the solution in action, that eventually 
it crystallises upon the inner surface of the bath. 

45- Hyposulphite of soda has also been employed 
as a substitute for the cyanide of potassium; but since 
the solution which is formed with it is very readilj 
acted upon by light, it is never likely to become much 
employed; besides, the solutions made with cyanide 
of potassium are found, for all practicable purposes, 
infinitely superior to those made with this or any othei 
substitute. 

46. It is generally necessary to employ two or more 
Bunsen's cells for depositing brass ; though small 
articles may sometimes be coated by means of a single 
cell. The colour and brightness of the deposit, how- 
ever, are so much influenced by the energy of the 
current, that it is never advisable to employ a weak 
battery when depositing this alloy. Under favourable 
conditions — that is to say, the brassing solution having 
been carefully made, the battery power suitable, and 
the proper surface of anode immexaeA. m \)si<&\i^^^*'N5^ ^a» 
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quite possible to deposit an alloy of zinc and copper of 
so rich a colour as to be scarcely distinguishable from 
fine gold when placed beside that metal. On the other 
hand, when the solution is defective, the current weak, 
or of feeble tension, the deposit will be of a dull, pale, 
yellow colour. Again, when the solution has been in 
use some time (more especially if it has been worked 
hot), as the ammonia evaporates a white salt of zinc 
forms upon the surface of the anode, which not only 
retards the action of that electrode, but also affects the 
equilibrium of the solution, by reason of this part of 
alloy not entering into the solution. To keep up the 
proper equivalent proportion of the two metals liquid 
ammonia must be added occasionally, and if the anodes 
exhibit a dirty appearance, additional cyanide will also 
have to be used. Before applying fresh cyanide, the 
battery should be examined, all connections well looked 
after, and if necessary, the acids renewed. 

Some electro-depositors prefer working the brassing 
bath at a temperature of about 130° Fahr., or even 
higher ; and, indeed, where it is convenient to apply 
heat to the solution it is better to do so, inasmuch as 
the operation is not only hastened, but a more uniform 
deposit is likely to be obtained than with a cold bath, 
provided the electric current is properly regulated. In 
working a hot solution, however, a much smaller sur- 
face of anode must be exposed, and weaker electric 
power employed. It will also be necessary, unless the 
resistance coil (page 116) is used, to regulate the 
surface of anode to that of the articles in the bath. 
It is obvious also that by heating the solution, its 
ammonia will be expelled, therefore it will be necessary 
to depend upon additions of cyanide to keep the bath 
'a active condition. 
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47* Silver articles which are required to be left a 
dead white should be thus treated : — ^The article is first 
to be heated to " cherry redness '^ (i.e.y a dull red heat), 
and is then to be allowed to cool. When quite cold it 
i( to be placed in a pickle of very dilute sulphuric acid 
(about 5 parts acid in 100 parts water). The article 
should remain in this pickle for an hour or two ; and 
if not sufficientlv uniform in surface, it should be 
rinsed in hot water, dried spontaneously! and again 
heated as before — the operation of pickling being 
repeated. As the object in this process is to remove 
the copper with which the silver is alloyed, the repeated 
pickling will not prcluco any injurious result, but will 
merely remove the copper from the surface of the 
article, leaving fine silver alone upon the surface. 
A solution of alum in water may be substituted for 
dilute sulphuric acid, if preferred. In either case the 
solution should not be used more than once or twice, 
and then be thrown away. 

After the article has been whitened as above, it must 
be removed from the pickle, and be well rinsed in hot 
water, which for this purpose must be absolutely clean, 
and then placed in warm box-sawdust. It is well to 
keep perfectly clean box-dust for articles which have 
to be whitened, as the slightest stain in some cases 
would be fatal to the object sought. In whitening 
silver watch-dials, great care must be taken not to 
warp the dial in the process of annealing. The dial 
should be placed on a perfectly flat piece of charcoal,* 
face upward, and a gentle blast with the blowpipe 
carefully applied, and as far as practicable the flame 
should play all over the surface of the dial without 

* A Batsur&ce may be given to chaxooaXV^ ro^^iivi^Vb^'V^^^^^^ 
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absolutely touching it, by which means the dial will 
soon become sufficiently heated, without becoming 
warped or in any way injured. Silver dials may also 
be annealed by placing them upon a flat sheet of 
copper, which is then brought in contact with a clear 
fire imtil red-hot. 

48. Brass time-piece dials may be whitened, i.e., 
silvered, by rubbing a mixture of chloride of silver 
(silver precipitated from the nitrate with common salt 
or hydrochloric acid) and common salt. The mixture 
should be worked up into a thinnish paste, and be 
applied with a soft cork or piece of washleather. The 
dial is then to be rinsed and placed in box-dust. 

49. The sediment which accumulates in the scratch- 
brush box should be carefully preserved and dried, 
and thip, with other waste of a similar description, 
collected and fused with dry carbonate of potash ; and 
as the resulting "button" will be an alloy of gold, 
silver, copper, &c., it will be necessary, in order to 
refine it, to proceed as follows : — Eemelt the alloy, and 
*' granulate" as before described ; then place the grains 
in dilute nitric acid (2 parts acid to 1 part water), 
which will dissolve all but the gold, the latter remain- 
ing as a brown powder at the bottom of the vessel in 
which the operation is conducted. The solution formed 
should next be poured off into a jar or basin, and a 
piece of copper immersed, which will at once throw 
down all the silver. The silver and gold thus obtained 
will require to be well washed with hot water, and 
finally dried and fused. 

50. Gold articles may be " coloured," as it is termed, 
hy immersing them in the mixture described at 

page 131, line 17. The mixture «l[xou\<i be placed in 
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a common pipkin, and allowed to fuse, the articles 
being removed occasionally to ascertain if they be of 
good colour. After the articles have been removed 
from the pipkin, they should be allowed to cool, and 
then immersed in dilute sulphuric or acetic acid, which 
will remove the flux. When this is done, the articles 
may be rinsed in a weak solution of potash or soda, and 
finally brushed with hot soap-and- water ; they must then 
be rinsed in hot water, and placed in clean warm box-saw- 
dust. A badger-hair brush is the best to remove all traces 
of sawdust from articles which have been dried in it. 

61. In gilding cast brass articles, which are required 
to be left dead in the hollow and chased surfaces, the 
best plan is first to wash the article in a solution of 
caustic soda (a solution of soapmaker's ''soda ash^' 
will do) or potash, then, after well rinsing, dip the 
articleyj?r an instant in fuming nitric acid, and after it 
has become thoroughly acted upon all over plunge it 
instantly in cold water : the article should then be well 
rinsed in hot water, and is then ready for the gilding 
bath. Articles of this description seldom require to be 
strongly gilt, the colour being the principal object. 
The bright surfaces may require to be burnished. 

62. Electro-gilders and platers will do well to keep 
several burnishing tools on hand for small things which 
may be needed in a hurry, or which would not be within 
the ordinary province of a professional burnisher to 
accomplish. As mere friction is required, the operator 
may easily acquire the proper knack of using the tools. 
A small steel burnisher, about twice the size of a ladies' 
"stiletto" or eyelet-hole piercer, is a convenient tool 
for edges of brooch mounts, &c. 

^« Am it may be necossary t\iaV. Wia ^«^Vxv^«^^ 
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should be able to solder an article at a moment's notice 
rather than send it out to be done, he may derive ad- 
vantage from the following hints : — ^The operator is to 
be provided with an ordinary " soldering iron " (which 
is made of copper, by the way !), and the face must be 
filed smooth with a keen file ; after which it should be 
placed in a fire until hot, but not red hot. The solder- 
ing iron should then be " tinned," as it is termed ; that 
is, rubbed on a piece of sheet tin with a little rosin and 
soft solder. As the face of the tool will have become 
slightly oxidised after removal from the fire, it will be 
necessary to pass the file over it again in order to clean 
the surface to be tinned. The moment this is done, 
plimge it at once into the rosin and solder, and by 
gently working the soldering iron over the surface of 
sheet tin, it will become coated with solder and fit for use. 
The soldering iron should never be allowed to be heated 
to redness, otherwise the solder becomes "burned," 
as it is termed, and, uniting with the copper, forms a 
hard alloy which the file will scarcely touch unless the 
tool is very hot. In soldering an article, the first 
thing to do is to clean the part to be soldored, which is 
generally done by scraping the surface with a sharp 
instnunent, such as the point of a penknife, or, still 
better, a three-square scraper made out of an ordinary 
three-square file, and great care is necessary to ensure 
all parts which are to receive the solder being perfectly 
clean. The operator should provide himself with a 
solution of chloride of zinc, which is made by dissolving 
a few pieces of zinc (say half an oimce) in an ounce of 
hydrochloric acid ; this solution may be kept in a Mdde- 
monthed bottle ready for use. The solution of chloride 
w eino 18 applied to tlie parts to "be^ ^Sl^t^Sl ^^nSa. tw 
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camel-hair brush or the feather of a quill. As soon as 
this is done^ and the parts to be soldered are brought 
together, the soldering iron should be again heated 
until it is hot enough to melt the solder freely. It 
should not only do this, but also take up a globule of 
the melted solder and hold it in suspension until borne 
by the operator to the part to be soldered. The instant 
the soldering iron touches the surface to which the 
chloride of zinc has been applied, the solder will 
"run" and attach itself readily. It will be necessary 
to hold a strip of solder in the hand, in order to apply 
more as required. Bosin may sometimes be employed 
instead of the chloride of zinc, but as a rule the latter 
will be found preferable. In connecting copper wire 
with zinc plates, the solution of chloride of zinc may 
advantageously contain an excess of acid; in fact, 
hydrochloric acid alone may be employed in the same 
way as the chloride of zinc. Small articles may be 
united with soft solder by the aid of the blowpipe. 
In this case the solder should be hammered flat, and, 
after being scraped clean, cut into small pellets ; that 
is, first cutting the solder into strips and then cross- 
cutting into small squares. These pellets are to be 
placed upon the article to be soldered (after the parts 
have been scraped as before, and the chloride of zinc 
applied), and a jet of flame gently blown upon the 
article with the blowpipe will readily unite the parts. 

64« All goods which are to be plated or gilt should 
be placed in the bath as soon as possible after being 
cleaned or scratch-brushed and rinsed : if they are 
allowed to remain long in water, or exposed to the air, 
a film of oxide is formed upon the surface of the metals^ 
and which, however slight, lias a teiii^BtkR;^ V^ ^-t^«s^ 
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the gold or silver adhering firmly to the metal to be 
coated. It is not a good plan to prepare too many 
articles at one time for the bath, allowing them to re- 
main in water imtil a quantity is ready : it is better to 
get them into the bath as quickly as possible, a few at 
a time, of course taking care that the surface of anode 
exposed and the battery power are regulated accx)rding 
to the surface of goods immersed in the bath at one 
time. When the niraiber of things in a bath is in- 
creased, the anode must be lowered and the battery 
power rendered more vigorous. As we have said before, 
silver and gold do not receive the deposit of these metals 
so freely as copper, brass, German silver, &c. ; therefore, 
when these metals have become coated to a certain extent 
with the superior metals, the battery power may be 
judiciously augmented and the surface of anode in- 
creased. 

66. A very useful solution of silver or gold for 
plating or gilding without the aid of a battery may be 
made as follows : — 

Take, say, 1 ounce of nitrate of silver dissolved in 
1 quart of distilled or rain water. "When thoroughly 
dissolved, throw in a few crystals of hyposulphite of 
soda, which will at first form a brown precipitate, but 
which eventually becomes redissolved if suflBcient 
hyposulphite has been employed. A slight excess 
of this salt must, however, be added. The solution 
thus formed may be used for coating small articles of 
steel, brass, or German silver, by simply dipping a 
sponge in the solution and rubbing it over the surface 
of the article to be coated. I have succeeded in coating 
steel very satisfactorily by this means, and have found 
tbe silver so firmly attached to the ateel (when the 
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iolation has been carefully made) that it has been re* 
mored with considerable difficulty. A solution of gold 
may be made in the same wajTi and applied as described^ 
A concentrated solution of either gold or silver thus 
made may be used for coating parts of articles which 
hare stripped or blisteredi by applying it with a camel- 
hair pencil to the part, and touching the spot at the 
same time with a thin clean strip of zinc. 

66* To the practical electro-plateri and even the 
amateur, it may be useful to become acquainted with 
the art of ** hard soldering/' as it is termed ; and as 
there is frequently, especially in small provincial towns, 
a difficulty in getting even a small job executed with 
dispatch, we will give the reader a few hints upon the 
manipulation of this process. 

** Hard soldering ** consists in uniting any two metaU, 
or parts of the same metal, by means of an alloy com- 
posed of two parts of silver to one part of brass. The 
silver and brass should be melted together as follows :— 
Having obtained a broad piece of gqod charcoal, scoop 
out a slight hollow on the flattest surfsice to receive the 
alloy. Now place the metals in the hollow, and fuse 
them by means of a blowpipe, using either a jet of gas 
bv an oil lamp with a good broad wick. As soon as the 
metals become hot, touch them with a crystal of borax 
(borate of soda), which will immediately fuse, and act 
as a flux. The jet of flame must now be vigorously em- 
ployed until the metals are completely fused. The 
fusion may be continued for a few moments in order to 
ensure perfect amalgamation. When the ** button'' of 
solder is well melted, the flat surface of a hammer may 
be placed quickly upon it, by which means it will be- 
come flattened; in this fonn it may \>« "t^oAc^^ \ft»^v»^ 
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out (unless a pair of steel rollers are at hand) untfl 
sufficiently thin to cut with a pair of jewellers' shears. 
The solder can be hammered or beaten out upon any 
solid iron surface ; but, as each time the blow is given the 
alloy becomes harder, it will be necessary from time to 
time to anneal it, i.e,, place it again upon the charcoal, 
and apply the blowi.»ipe flame until the alloy is of a 
" cherry-red " heat ; it must then be plxmged into cold 
water, and is ready for beating out or rolling, as the 
case may be. The object being to make the solder as 
thin as ordinary card, or even thinner, when the ope- 
rator is without a pair of rollers he must use the next 
best substitutes — a hammer and patience. The solder, 
before being used| must be scraped with a keen steel 
edge, and then partly cut into thin strips, and these 
again cross-cut into small pieces or pellets about one- 
sixteenth of an inch square. These pellets may be cut 
when required for use, or kept in a clean box used for 
the purpose. The operator should next provide him- 
self with a clean piece of slate, say about three inches 
square, and a small phial filled with water, and having 
a cork with a small groove cut in it from end to end. 
The bottle is used to apply moisture a drop at a time, 
whilst a large crystal of borax is rubbed upon the slate. 
By this means a thick creamy paste of borax is obtained 
upon the slate, which will be used as directed presently. 
The parts to be united or soldered must now be scraped 
clean wherever the solder is expected to adhere, and, with 
a camel-hair brush or quill feather dipped in the borax 
paste, brush over the parts to be soldered. A few 
pellets of the solder may be placed on the dry comer of 
the slate, and with the extreme point of the brush 
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moistened by the paste one pellet at a time may be 
readily taken up, and placed upon the prepared surface 
of the article. The article should be placed upon a flat 
piece of charcoal (made flat by rubbing on a flag-stone), 
and, if necessary, tied to it by thin " binding wire." 
A gentle blast of the blowpipe will at first dry the 
borax, and the flame must then be increased (holding 
the blowpipe some distance from the flame, in order to 
give a broad jet), and in a few moments, if the jet is 
favourable, the solder will " run," as it is termed^ into 
every crevice, and the blowpipe must be instantly with- 
drawn. A very little practice will make the operator 
expert in this interesting art, and it will be advisable 
for him to practise upon articles of little value imtil he 
has not only acquired the use of the blowpipe, but also 
the proper kind of flame to make the solder run freely. 
After an article has been hard solderedi it is allowed to 
cool, or may be at once placed in a weak solution of 
sulphuric acid (a few drops of acid to an ounce of water), 
which, after a few moments, will dissolve the borax 
flux which remains after the soldering is complete. 
The article should now be rinsed in cold water an^ 
dried. 

In carrying out the above operation, it would be well 
to be provided with everything necessary for the pur- 
pose (and, in fact, this should always be th^ first con- 
sideration of the student in practising a new art), as the 
absence of any requisite would not only entail dis- 
appointment, but failure. 

67. When a zinc plate is imperfectly amalgamated, 
local action will set in, and the zinc element becomes 
powerfully acted upon, by the acid employed in the 
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battery. When this is the case, there is evolution of 
gas from the battery cell. The zinc plate must be with- 
drawn and re-amalgamated| the part most acted upon 
being particularly attended to. When a single zinc 
plate and two copper plates are used, this local action 
will take place if the copper and zinc elements are too 
close to each other, in which case the zinc plate gene- 
rally becomes most freely dissolved towards the centre, 
but at the upper part of the plate. 

68. In order to prevent the zinc plate being ctU off 
or dissolved at that part which is between the atmo- 
sphere and its contact with the acid solution, it is ad- 
visable occasionally to add a little more water to the 
battery, so as to bring the solution higher up the plate. 
It is also a good plan to raise the plates a few inches 
out of the bath occasionally, or to stir the acid solution 
gently with a stick. 

59, When there is a want of activity in the battery 
(the acid solution being in good order), it may be as 
well to look to the connections. The binding-screws 
may require cleaning (a smooth file being used for the 
purpose, or a piece of emery-cloth wrapped round a flat 
piece of wood), and the ends of the wire should be well 
rubbed with emery-cloth. 

60, When certain parts of an article require to be 
gilt whilst others are to be left silvered, it will be 
necessary to apply certain preparations to the parts to 
be protected. For this purpose many preparations are 
used. A solution of gum copal or mastic may be ap- 
plied with a camel-hair brush ; but, unless these var- 
nishes are tolerably thick, they are apt to run. The 
composdtion described at page 59 may be used for this 

purpose, but it will not be safe to ua© itmTaot solutions. 
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In some cases a strong solution of shellac in alcohol 
may be used to cover certain parts of an article which 
require protection. 

61. In gilding chains, brooches, pins, rings, and 
other articles which have been repaired, i.e., hard 
soldered, sometimes it is found that the gold will not 
deposit freely upon the soldered parts ; when such is 
the case, a little extra scratch-brushing applied to the 
part will assist the operation greatly, and I have some- 
times found that dry scratch-brushing for an instant — 
that is, without the stream of beer usually employed— 
renders the surface a better and more uniform conductor, 
and consequently it will more readily receive the de- 
posit. In fact, dry scratch-brushing is very useful in 
many cases in which it is desirable to impart an arti- 
ficial coating of brass upon an article to which silver or 
gold will not readily adhere. In scratch-brushing 
without the employment of beer, or some other liquid, 
however, great care must be taken not to continue the 
operation too long, as the minute particles of metal 
given oflf by the scratch-brush would be likely to prove 
prejudicial to the health of the operator were he to 
inhale them to any great extent. 

62. In gilding or silvering steel articles by the pro- 
cesses described in paragraph 55, it will be necessary to 
clean them with a little diluted potash in order to re^ 
move grease ; and if the articles are polished steel, the 
friction applied must be brisk, when first employing the 
solution, to ensure an even coating. Penknives, scissors, 
razors, and other similar goods may be lightly coated 
with either gold or silver by the solutions described, 
but it must be understood that the coating is more for 
beauty than tor wear. If piopexlj 3LOTift^\kSs^^'H^>*^^ 
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coating will last a considerable time without re- 
moval. Needles gilt and silvered in tliis way are very 
agreeable to work with, and form an elegant article 
for ladies' use. 

68. As cyanide of potassium, which is so extensively 
employed in electro-metallurgy, is a highly poisonous 
substance, the apartments in which electro-gilding and 
plating are conducted should be well ventilated, and 
the solutions always be placed in such a position 
as to be nearest the window or chimney. Breathing 
an atmosphere impregnated with the vapour arising 
from the gilding and plating baths is unquestionably 
prejudicial to health, therefore the reader cannot be too 
particular in the matter of ventilation. A little liquid 
ammonia occasionally poured on the floor is advisable, 
especially in very hot weather. 

64. In reducing old solutions by means of sulphuric 
acid, it must be borne in mind that the fumes are highly 
poisonous, and must not be inhaled in the slightest 
degree. The operation should be conducted either in 
the open air, or where there is a good draught to carry 
oflf the fmnes. Beyond the current created by an open 
window and door, there should be no motion in the 
apartment, so that the fumes may be allowed to escape 
without being diffused. It must be remembered, how- 
ever, that the fumes (consisting greatly of carbonic acid) 
are very dense, consequently it will be necessary to 
allow them to escape from the lorcer part of an apart- 
ment; they must not be expected to make their exit 
from an aperture above them. 

66. In " colouring " gold of inferior quality, that i» 

to say, below the English standard (18-carat gold), the 

following mixture may be used mtTn. sw^o,^^, wid^ if 
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carefully employed, even 12-carat gold may be coloured 
by it :— 
Take 

Nitrate of potassa (saltpetre) . • i onncoe 

Alum • • • • • t » 2 M 
Ck)niiiioii salt • • • • < 2 y^ 

Add sufficient warm water to mix the ingredient into a 
thin paste; place the mixture in a small pipkin or 
crucible, and allow to boil. The article to be coloured 
should be suspended by a wire and dipped into the 
mixture, where it should remain from ten to twenty 
minutesL The article should then be removed, and well 
rinsed in hot water, when it must be scratch-brushed, 
again rinsed, and returned to the colouring salts for a 
few minutes; it is then to be again rinsed in hot 
water, scratch-brushed, and finally brushed with soap 
and hot water, rinsed in hot water, and placed in box- 
sawdust. The object being merely to remove the alloy, 
as soon as the article has acquired the proper colour of 
fine gold| it may be considered sufficiently acted upon 
by the above mixture. The colouring salts should not 
be used for gold of a lower standard than 12-carat gold, 
and even for this quality of gold some care must be 
taken when the articles are of a very slight make. 

66. The process of hardening and tempering small 
steel implements, such as drills, scrapers, gravers, bur- 
nishers, &c., may be useful to persons living away from 
large towns; therefore I have thought it prudent to 
give an outline of the method to be pursued. The pro- 
cess of hardening and tempering will apply to any steel 
tool, of any dimensions, but we will take a small chisel 
as an example. The blade of the chisel should be re- 
moved from the haft or handlei aiA) ^^ \s;^'«^5t «t»^ 
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being held by a pair of pliers^ the blade is to be placed 
in a brisk fire until red hot ; it is then to be remored 
and allowed to cool for a few moments^ and then dipped 
into cold water. The next thing to do is to file the 
blade into the required shape^ finishing the filing with 
a smooth file. When this is done (a vessel of cold 
water being at hand), the blade is to be again returned 
to the hottest part of the fire, and allowed to become 
fchite hot, i,e,, as hot as a fierce fire will make it ; and as 
soon as this is done withdraw it quickly with the pliers, 
and plunge it instantly into the vessel of cold water. 
If this has been done properly, on passing a file over 
the shai*pened surface of the blade it will be found to 
have no efiect upon it ; in fact, the blade has become so 
hard that the file will not make any impression upon it. 
The upper surface of the blade should now be polished 
by rubbing it upon a sheet of emery-cloth moistened 
with oil, and then wiped with a piece of rag. The 
blade now requires to be tempered, i.e., reduced in hard- 
ness. This is done by holding the sharpened eeiffe of 
the blade with the pliers, and placing it in the fire 
until the polished surface of the steel changes colour. 
The surface nearest the handle will soon assume a blue 
colour, and an orange tint immediately following it, 
towards the upper end of the blade. At this point 
great care is required, or the instrument will be over- 
heated and too soft ; therefore, as soon as the orange 
tint makes its appearance within an inch of the sharp 
edge of the blade, withdraw it from the fire and examine 
it quickly ; if the extreme edge is of a pale straw-colour, 
dip the blade instantly in cold water ; but it must be 
understood that the straw-colour should be visible at 
^2ie extreme point, or edge, oi tltie \^« 'WYvatl euch ia 
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the case, the tempering is complete. The next process 
is to sharpen it upon a good Turkey stone, and it is 
ready for use. In hardening and tempering very small 
tools, such as drills, they may be more safely tempered 
by dipping them, point upward, in hot sand, by which 
means they are less likely to become over-heated. Some 
persons prefer dipping such tools into oil rather than 
water after removal from the fire ; others, again, employ 
dilute sulphuric acid. It must be borne in mind, how- 
ever, that in hardening steel the greatest heat is re- 
quired in the first instance, and in the second, the 
greatest cold we can obtain. Upon these extremes, 
properly applied, depends the success of the ope- 
ration. 

67. A battery which has been somewhat commended 
it may be as well briefly to mention. It consists in 
using a saturated solution of bichromate of potassa, with 
a quarter part sulphuric acid, in the carbon cell of a 
Bunsen's battery (see p. 80) ; and dilute sulphuric acid, 
or saturated solution of sal ammoniac, in the zinc cell. 
Although this battery, or rather modification, has some 
advantages, it has yet to be further developed before it 
can safely be recommended for practical purposes. 

68. A process of coating metals has been suggested 
by M. Weil, and for some purposes it may be employed 
with advantage. M. "Weil's object is to avoid the use 
of cyanide of potassium and the battery, the first being 
deleterious, and the second expensive. His process 
may be briefly described as follows : — Instead of em- 
ploying cyanide, he takes solutions of oxide of metals 
with the addition of organic matter — tartaric acid, albu- 
men, or glycerine, to prevent the precipitation of the 
oxides by the fixed alkalies* A bo\\A\oti ^x^s. i^-ra^^ 
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may be used eitlier hot or cold. For a coppering solu* 
tion, he recommends the following formula : — 

Sulphate of copper 350 grammes. 

Dissolve in hot water and allow to cool . • 10 litres. 
Crystallized Kochelle salt (potassio-tartrate of 

soda] 1,500 grammes. 

Caustic soda (containing 50 to 60 per cent, free 

8oda)« 800 M 

The articles are to be suspended by zinc wires, or a thin 
strip of zinc may be attached to them when in solution ; 
and when it is remembered that this process is inde- 
pendent of the battery, the solution will require renew- 
ing from time to time. To accomplish this, M. Weil 
proceeds as follows : — 

The zinc which the solution has acquired must be 
precipitated by sulphide of sodium (prepared by fusing 
soda with sulphur) gradually, as an excess dissolves the 
precipitate formed by the sulphide of soda. When the 
zinc has been precipitated as above directed, the solu- 
tion must be allowed to settle, and the clear liquor 
poured off. The solution is then to be resupplied with 
a solution of sulphate of copper, as before. 

It is stated that copper deposited in this way adheres 
very firmly to iron. 

Zincing by the above process is carried out by forming 
a concentrated solution of potassa or soda, which must 
be heated to 100^ C, a piece of metallic zinc being placed 
in the solution in contact with the article to be coated. 

True bronze, that is, a mixture of tin and copper, 
may be deposited by the above process, by adding to 

* Caustic soda is prepared by dissolving 12 parts of ordinary soda 
in hot water, and then adding, gradually, 2 parts of lime recently 
slaked. The liquor should be boiled for an hour, and allowed to cool 
Mnd settle; the clear liquor being decants iox \\«a. 
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the copper bath before described stannate of soda or 
bicUoride of tin, previously treated with the solution of 
soda. The metal to be coated must be in contact with 
zinc. 

69. A new constant battery has been suggested by 
Mr. A. Reynolds, in which a solution of perchloride of 
iron is used as an exciting fluid, and metallic iron as 
the positive electrode. 

70. Copper may be coated with antimony, as fol- 
lows : — ^Dissolve 1 ounce protochloride of antimony (but- 
ter of antimony as it has been called) in 1 pint of spirit 
of wine; now add hydrochloric acid imtil the solutionis 
clear. The article to be coated, being previously cleaned, 
will receive a bright coating in about an hour. Cast 
iron must be previously coppered by any of the pro- 
cesses before described, and will then receive a coating 
of antimony from the above solution. 

71. As the refining of gold and silver is so closely 
connected with the electro-plater's art, the following 
hints may prove serviceable, it is hoped, to those unac- 
quainted with the art of separating the precious metals 
from their alloys. An alloy of gold, silver, and copper, 
should be thus treated : — Suppose the alloy to be what 
is called "jewellers' gold," or the material with which 
cheap jewellery is made, and which, being imfit for use, 
is " only fit for the melting-pot.'* The alloy is first to 
be melted in a crucible with one-third of its weight of 
silver, a little dried potash or borax being used as a 
flux ; when the alloy is well melted, it is to be poured 
into a vessel of cold water, which must be briskly stirred 
during the operation ; and it is well to have a few small 
pieces of straw, or short sticks, floating on the surface 
of the water at the time, the object ot ^WOsiV^ \si ^^rkvsK 
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the process oi granulation. The alloy will now be found 
at the bottom of the vessel in small grains, which must 
be carefully collected, and in order to be certain that 
there is no waste, the alloy should be weighed before 
and after melting and granulation. With ordinary 
care scarcely any diflference will be observed. The 
grains must now be put into a clean Florence flask, or 
.other suitable vessel, and dilute nitric acid (1 part acid 
to 2 parts water) poured upon them : the grains should 
be allowed to digest for several hours; and, in order to 
promote chemical action, it will be advisable to place 
the flask upon a "sand-bath" or near the fire, but this 
may not be necessary until towards the end of the 
operation. The gold will now be found at the bottom 
of the flask, in the form of a brown powder or brown 
spongy lumps ; but, in order to secure the entire 
removal of the alloys, it will be necessary to decant the 
solution of silver and copper in the nitric acid into a 
separate vessel, to be afterwards treated, and fresh nitric 
acid should then be poured on to the gold, and heat 
applied as before, to ascertain whether the alloys have 
been effectually removed. If red fumes are still given 
off* in the flask, the separation has not been complete, 
and the action must be kept up until the red fumes 
cease to appear even at a boiling temperature. When 
this is the case, the acid solution must be again poured 
off, and the gold well washed with hot water, to remove 
any trace of silver or copper which may be in its 
interstices, especially if it is in a spongy form. At this 
stage the brown deposit or mass of gold is pure, and 
merely requires to be melted into a button with borax 
or potash. 
The solution of silver and cogger xwai.>j t^j^l^ "^ 
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treated — the silver being tlirown down by strips of 
copper; and, to ascertain whether all the silver has 
been precipitated by the copper, a small quantity of the 
solution may be placed in a glass, and a drop or two of 
hydrochloric acid or a solution of common salt applied ; 
when, if any silver remains in solution, it will assume a 
milky appearance ; if such is not the case, the cupreous 
liquor may be poured off, and the reduced silver well 
washed with hot water several times. The silver should 
then be dried and fused, a little dried potash being 
mixed with it previous to placing it in the crucible. 
The silver may then be granulated, as before, or cast in 
a mould of suitable size ; and, being rolled out, will 
serve as an anode. 

It must be understood that the above is but a trifling 
sketch of the principles of refining in the moist way ; 
yet it is hoped that the reader will learn therefrom 
enough to enable him to pursue the art of separating 
gold and silver from their alloys for his own purposes. 

When gold and silver are alloyed, or mixed with 
copper, brass, iron, &c., as in the case of jewellers' 
waste, filings, &c., the waste, being previously burned 
in an iron pan to destroy any organic matter present, 
should be well mixed with a little dried potash, and 
melted in a crucible. When perfectly fused, a few 
crystals of nitrate of potash (nitre of commerce) must be 
dropped into the crucible from time to time, which 
will remove from the gold and silver whatever copper 
or iron may be present, if sufficient nitre has been em- 
ployed. The nitre must, however, be added cautiously; 
otherwise, if there be organic matter present, the flux 
may rise al)Ove the melting-pot, and, overflowing, carry 
part of the metal with it. It will be iie(ie>^?«r5 \.^^^!j5y?5ck 
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the operation closely, and if the flux, &c., appear likely to 
overflow, a small quantity of dried common salt thrown 
into the crucible will check the ebullition, and tend to 
keep the metals and flux to the lower part of the vessel 
When the operation is complete, the melting-pot or 
crucible must be withdrawn from the fire and set aside 
to cool. When cold, the pot must be broken at the 
base with a hammer, and the " button " of metal with- 
drawn. The button must now be again melted, as before 
described, with borax or potash, and granulated, the 
grains being treated as before, to remove the silver and 
copper. 

As the above details are intended for the use of those 
who may be unacquainted with the art of refining, it is 
hoped that they may be found sufficient to enable the 
beginner to commence a study of a most interesting and 
important branch of industry. 

72. Cyanide should seldom be added to a bath, 
whether of gold or silver, when the anode, being at 
work, is clean and uniform in appearance. It is always 
objectionable to have too great an excess of this salt in 
the bath ; therefore it should never be added until the 
batteries and their connections have been well ex- 
amined. Sometimes, when the battery is somewhat 
exhausted, the anodes become slightly discoloured, 
especially if a larger surface of goods is exposed than 
is proportionate to the surface of anode ; in such case, it 
will be necessary to increase the activity of the battery 
rather than to add cyanide to the bath. Cyanide is a 
good friend, but a bad foe. All that a good bath re- 
quires is a slight excess of cyanide, if the battery is in 
good order and but little organic matter has accumu* 
lated in the bath. When, on the other hand, the bath 
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has acquired a good deal of organic matter (under 
wHcli condition it is generally preferable to a new 
bath), it will require a greater excess of cyanide, and ' 
this excess, under such circumstances, will be very 
beneficial. An old or well-worked bath will bear a 
much larger amount of cyanide, in proportion, than a 
new one. 

73. Old steel dessert-knives, which have been "close- 
plated," or solder-plated, as it is termed, will sometimes 
give the operator a good deal of trouble before he can 
deposit a sound coating of silver or gold upon them. 
Suppose the old silver has been stripped off, and the 
solder removed, the author has more than once found 
that a very serious difficulty has arisen when the articles 
have been coated either with gold or silver, or with 
copper, previous to coating with the other motals. For 
instance, a dozen dessert-knives, having been stripped 
and well cleaned, were placed in the alkaline copper 
bath. After an hour's immersion, the articles were re- 
moved from the bath and examined, when it was found 
that in every part of each blade, from heel to point, the 
blades were foimd to be cracked, exhibiting fissures in 
some cases nearly -ryth of an inch wide. These cracks 
pervaded each blade in almost every part, and it was 
some time before the cause of these remarkable flaws 
could be traced. In examining the interior of the 
cracks, it was found that the copper was freely deposited, 
and, the coating becoming thicker and thicker, the 
deposit of copper Jorced open the cracks (although at 
first invisible), until they assumed the alarming appear- 
ance we have described. It must be remembered that 
the numerous points which the fractured metal presented 
would greatly favour the depoBit in t\iO^^ "^^t^.^^ Vo. ^^ 
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ference to the plain surfaces, and hence the opening of 
the invisible flaws in the metal as the deposit thickened. 
The same result has occurred in certain articles of 
wrought steel of bad quality; and when we bear in mind 
that the processes of grinding and polishing disguise 
such defects in steel, it must not be expected that they 
will show themselves until some time after deposition has 
begun. In order, however, to prevent, as far as possible, 
the flaws we mention from opening during deposition, 
we recommend that the first coating should be allowed 
to take place almost immediately after the article is 
immersed in the bath, and as soon as this is done, the 
article should be quickly rinsed, scratch-brushed, and 
returned to the bath. Again, it will be advisable to 
employ a tolerably weak bath at first, with good battery 
power, and after the articles have received a preliminary 
coating under these conditions, they may then be more 
safely allowed to remain in the bath imtil the required 
amoimt of metal is deposited. 

74. When wooden vessels are employed for plating, 
they should be well saturated in boiling water for a few 
hours, or even days, before the solution of silver is 
poured in ; as, independent of the absorption of silver by 
the wood, if it is well moistened with water, the interstices 
are not so readily acted upon by cyanide. 

76. Gutta-percha vessels or linings of gutta-percha 
should never be used for a silver bath imder any cir- 
cumstances, as the cyanide acts upon gutta-percha and 
the adulterants with which it is always, more or less, 
contaminated. Nitrate of silver, also, acts upon gutta- 
percha, as most photograpketa aie av^ace \ and, there- 
fore, it will be absolutely •aeceaaarj \» as^sv\ x^sso^^ 
gutta-percha in contact witlieitliCTC^am^^Q^^Xaa^^^ 
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or nitrate of silver. I have known more than one 
instance in which a silver bath, being destroyed by a 
gntta-percha lining, has been reduced by sulphuric 
acid ; and, soon after the acid has been applied, the 
gutta-percha has been set free, and has floated in the 
solution in clots of considerable size. 

76. When the operator's hands have become injured 
by coming in contact with cyanide (which is frequently 
the case if there is an abrasion of the skin), it is a good 
plan to dip ihem for a few moments in very dilute 
sulphuric acid (20 drops in a tumbler of water), and 
then rinse them well. The hands should then be well 
soaked in tolerably hot water, well dried, and finally 
saturated with oil or grease of some kind. The author 
has frequently suffered from sores occurring under 6ach 
nail of both hands, in consequence of neglecting to wash 
the hands immediately after immersion in a solution of 
cyanide. The electro-plater should be careful to avoid 
this, as sores thus formed are difficult to heal, and cause 
great pain to the part affected. 

77. Copper or brass wire should never be bent or 
twisted more than once or twice without being annealed. 
When the wires used for slingijig goods, or the wires 
proceeding from the electrodes of a battery, have been 
used more than once, they are apt to become brittle 
where they have been bent, and are liable to break ; it 
is better, therefore, occasionally, to make the wires red 
hot, and, when cool, stretch them out by drawing them 
several times across the edge of a board, by which means 
they will readily become straightened. The wires 
should then be passed through a "j^fe^^ ^i ^tcl^stj-^^'^^ 
to clean them. The ends of aVm^ii^ Vvt^^^V^'^^^^^^^ 

irAici iave become coated mtTa. sii^eTv^^"^^ ^^^ 
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dipped for a few moments in the hot stripping solution 
(p. 56)^ and finally treated as above. 

78. The moment the zinc plate of a battery evolves 
gas, accompanied by a hissing noise, the plate should 
be withdrawn and at once re-amalgamated; for^ as soon 
as local action sets in, the current becomes greatly 
diminished ; added to which, if allowed to continue, the 
zinc plate will soon be destroyed, without accomplish- 
ing its task. It id not imcommonly the case that local 
action begins on the first day that a battery is set in 
action ; and, therefore, in order to remedy this defect as 
early as possible, the battery should be carefuUy 
watched, and the zinc plate removed the instant effer- 
vescence is observed in the battery-cell. 

79. In order to ascertain whether an article is made 
of gold, if a doubt arises, a simple plan is to rub a por- 
tion of the article upon a piece of slate, Wedgewood 
ware or Turkey stone, and then apply a single drop of 
nitric acid by touching the part with the stopper of the 
bottle. If the acid produces no efiect, the article may 
be considered gold. A very inferior alloy of gold, 
however (12-carat gold), will stand this test ; but its 
colour will act as a guide, as it will fail (except when 
electro-gilt) to present the rich yellow colour of good gold. 
When a " common gold " article has been strongly gilt, 
it will be advisable to pass a keen but smooth file over 
a small part of the article, and then apply the nitric 
acid to the part, when, if the article is not genuine, the 
characteristic green tint of nitrate of copper will at 
once show itself. As it is commonly the practice to 
designate articles manufactured from '' plated ^^ metal 
(i.e., gold and metal imited and rolled out into thin 

sheets) ^^£ne gold" the electro- g\ldftt should make 
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himself acquainted, if he is not so already, with the 
various kinds of genuine and spurious gold in com- 
merce ; otherwise, should an accident occur to an article, 
lie may lose more than he has a right to do; and, 
again, jD^^e;^ articles require a somewhat different treat- 
ment to that which is applied to articles of genuine 
gold. In applying the term " genuine gold," we sup- 
pose we must be imderstood to mean such articles as 
are made of an alloy of gold which Tvill stand the test 
of nitric acid, if only to contradistinguish them from 
plated-gold articles. An instance once occurred to the 
author in which, by mistake, he placed two "gold" 
brequet or Albert chains in a jar containing nitric 
acid, instead of dipping them into a vessel of warm 
water, which stood beside it. Being away for an hour, 
on returning to the gilding-room it was foimd that the 
nitric acid had entirely removed all trace of the bre- 
quets, except a thin shell of one of the links, which 
floated upon the surface of the acid, and a dark-brown 
powder which had deposited in the vessel. On pouring 
off the acid, and washing the precipitate, which was 
found to be almost pure gold, it at once became evident 
that the so-called gold brequets (which had been in- 
voiced at 655. 6d, each, wholesale price) were, in fact, 
made of plated metal, but of so good a quality that 
a very good judge might readily have been deceived. 
The object of the above remarks is to place the electro- 
gilder on his guard. He should also endeavour to 
satisfy himself whether an article is really gold, or an 
alloy of gold, or plated, before preparing it for the bath, 
as, if it is gold, it will require as a rule a rather stronger 
current, and a larger surface of anode exposed in solu« 
tioii, than an article made of plated. me\>^ 
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80. The back parts or hollows of casts, or "struck" 
work, will sometimes be troublesome to gild or silver, 
more especially because these surfaces must of necessity 
be kept at a distance from the anode, and besides which 
a concave surface (even if placed directly facing the 
anode) always receives the deposit more tardily tban a 
convex surface. It will be necessary then, in order to 
aid the deposition upon the hollow surfaces, to keep the 
articles moved in the bath when first immersed, by 
which means all surfaces will receive the deposit alike, 
and the deposition which takes place after will be in 
the order required — ^that is, the outer surfaces will re- 
ceive the greatest amount of metal, and the inner sur- 
£Eu;es, or hollows, the least, but still sufficient for all 
purposes. If this precaution is not adopted, it is quite 
possible that the exposed surface of the article will 
be well coated, whilst the hollows will scarcely be 
coated at all. Nothing ensures uniformity of deposit 
so much as gentle motion in the bath, and in some 
maniifactories an apparatiis has been applied for keeping 
articles, while suspended in solution, in a constant but 
gentle state of motion — a practice very highly to be 
commended, upon principle, if it can be carried out 
with economy. 

81. The eflfect of motion whilst an article is receiving 
the deposit is most clearly seen during the operation of 
gilding. If a watch-dial, for instance, is placed in the 
gilding-bath, and allowed to remain for a few moments 
undisturbed, if the solution of gold has been much 
worked, it is probable that the dial will acquire a dark 
red or " foxy " colour ; but if it is quickly moved about, 
it instantly changes colour, and will sometimes even 

assume a pale-straw colour In iact, vi^ -^^ laa.^^ l^fore 
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observed, the colour of a deposit may be regulated 
greatly by motion of the article in the bath — a fact which 
the operator should study with much attention when 
gilding. In depositing brass from its solutions, the 
efiPects of motion are even more remarkable ; for, by 
keeping the articles moved, copper alone will be de- 
posited, whilst, on the other hand, if stationary, a 
proper alloy of copper and zinc will be obtained. 

82. As there is always a deposit or sediment of some 
nature at the bottom of a bath, whether of gold or silver, 
the articles to be coated should never be immersed so 
deeply in the solution as to come in contact with this 
deposit. If spoons and forks, for instance, are allowed 
to reach nearly to the bottom of the bath or solution- 
vat, every time they are lifted up or lowered the small 
particles which had settled at the bottom of the vessel 
become disturbed, and resting upon the articles, will 
prevent the deposition of silver taking place wherever 
these particles are present, thus causing an irregularity 
of surface. As it frequently happens that small par- 
ticles of silver fall off the surface of the anode, these 
will sometimes, if the sediment is disturbed, as we have 
pointed out, rest upon the lower parts of the work, and 
the deposit will take place owr them, and when sub- 
mitted to the scratch-brush the silver will strip or peel 
off; or, if the deposit is very thick, the bowls of spoons 
or prongs of forks, or such surfaces as are nearest the 
bottom of the bath, will be exceedingly rough, more 
especially as deposition always takes place more freely 
at the lower surface of the solution. There should, 
therefore, always be a certain distance between the 
lower end of articles in solution and the botV^TacL ^1 ^^ 
vaaaiel in, yrhioh, they are coated. 
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88. As pure silver is more easily oxidised^ or tar* 
nished^ than standard silver^ electro-plated articles 
should always be carefully protected from the atmo* 
sphere, especially if it be moist or vitiated. Electro- 
plated goods must always be kept well wrapped up, and 
in a perfectly dry situation ; otherwise oxidation soon 
sets in, and the goods become unsightly and imsaleable. 

84. Although a silver bath is improved by acquiring 
a moderate amoimt of organic matter, yet the operator 
should be careful not to suffer this accession to the 
bath to take place either too suddenly or in large 
quantities at a time. For instance, if candlesticks, 
which are sometimes filled with a compound of rosin or 
pitch, are placed in the solution without being pre- 
viously freed from these substances, the cyanide will 
dissolve a considerable portion of the composition, and 
the conductibility of the solution is thereby lessened to 
some extent. In a moderate degree, the presence of 
«uch matter in a bath is an advantage ; but it should 
never be allowed to enter the bath in large quantities 
at a time. A new bath which suddenly acquires a 
quantity of organic matter in the way we have de- 
scribed is apt to work sluggishly and with irregularity, 
and not unfrequently the deposit becomes coarse and 
spotted. On the other hand, a bath which in the 
course of several months has absorbed a small amoimt 
of organic matter (which will cause it to assume a dark- 
reddish colour) will give a much finer and brighter 
deposit than a bath newly made; and, at the same 
time, goods plated in it will be less liable to strip than 
when plated in a new bath. 

The same observations do not apply to a gilding bath, 
which 19 g-enerally worked \iot| wi4.,\ift%v\fe^ ^\is2ti^^'^ 
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colour of the deposit is of the first importance. The 
presence of organic matter in a gold bath tends to 
deepen the colour; and if in great excess^ the work will 
frequently assume a foxy-red tint^ and this, in some 
cases, would be highly prejudicial. It is better, there- 
fore, to keep the gold solution as free as possible from 
organic substances ; and as one of the chief causes of a 
gold bath acquiring organic matter is the imperfect 
rinsing of articles after scratch-britshingf whereby the 
beer used in the operation of scratch-brushing becomes 
washed out of the interstices of the article when in the 
bath, it is advisable not only to rinse all articles well 
before gilding, but in fact they should always receive a 
final rinsing in perfectly clean hot water. It is not an 
uncommon practice for electro-gilders to rinse many 
articles, after being scratch-brushed, in the same 
water, and to transfer them directly to the gilding 
bath. Now this is highly objectionable: the water 
shoidd be frequently changed, and when we consider 
the difierence between investing a little trouble in 
renewing the rinsing water and making up a fresh 
gold solution, it will at once become apparent that the 
former will be most likely to yield an advantage. 
Again, a gold solution which has been worked a long 
time without becoming discoloured (the discoloration 
generally being due to organic matter) is far better 
than a new solution, and, for most purposes, will pro- 
duce better results ; but as soon as the solution becomes 
charged with the impurities referred to, its action ib 
uncertain and irregular. It is to be hoped that the 
less practical reader will bear these observations in 
mind, that he may experience as little disa^^QiatGn.ei!A 
as poeaible in his operationa. 
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; 85t As lead edgoa or mounts of cruet-frames^ candle- 
sticksy soy-frames, and similar plated goods are yery 
trouUesome to electro-plate, except in the hands of a 
very experienced person, it is frequently advantageous 
to adopt a plan commonly pursued, namely, to have the 
^ges cast jfD. brass or German silver, the old edges or 
mounts removed, and the newly-cast edges soldered upon 
the" article. By this means all difficulty is removed, 
and the article, when finished, is not only rendered 
more durable, but can also be more highly finished. 

86. It is a good plan for the operator to secure 
impressions in gutta-percha of all mounts, or parts of 
the same, which are likely to become serviceable to him 
at an after-time. These impressions can be electro- 
typed by the processes described in the early part of 
this work, and at any time castings can be made from 
them which may be applicable to many useful purposes. 
For instance, if an impression of a few inches of a 
gadroon mount be taken, and an electrotype obtained 
therefrom, and a few castings made from the electro- 
type, whenever the operator requires a few inches or 
even a part of an inch of such a mount, to supply the 
place of a broken gadroon edge, he will find the cast- 
ings of great service to him. And by adopting this 
practice, it ispossible not only to accumulate copies of 
very useful, but of many very choice mouGats. And from 
these electrotype copies many beautiful and useful 
articles may be formed by carefully grouping the * 
impressions obtained from various articles, or parts of 
them, to form a new design of an entirely novel 
character. The author has produced some very pleas- 
ing effects by arranging alternately, for instance, a 
pi^ii^ of scroll-work an incVaaflL a c^xVei Va. mdiiv^ 
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and a cornucopia of equal width, the latter being about 
two inches long. Four impressions of each being taken, 
and soldered together, formed a handsome octagonal 
salt-cellar. A circular ring of wire, connected by short 
pieces of wire to the inner surface of each " upright,'* 
formed a resting-place for the glass or salt vessel, 
which may be made either of blue, red, or white glass, 
according to taste. From the above hints the reader 
may glean sufficient to enable him to construct, upon 
the same principle, many articles of great beauty, and 
at the same time possessing novelty of construction, if 
not of design. Impressions of very rare subjects may 
be taken and applied in this way, and there is scarcely 
a limit to the variety of effect which may be produced. 

87. A very pleasing effect may be produced upon a 
plain silver article, by sketching a design upon it with 
a good lead pencil — a name or initials, for example — and 
if the article is then placed in the gilding-bath for a 
few moments, all parts which have not been traced by 
the lead pencil, will have become gilt. When the 
article has been rinsed, gentle rubbing with the finger 
will remove the plumbago, or "black lead," and beneath 
the design will appear in silver. By reversing the 
operation, the design may be made to appear in gold. 
Plumbago answers well for this purpose, owing to its 
being an inferior conductor to either gold or silver^ 
especially in alkaline solutions. In practising this pro- 
cess, however, care must be taken not to move the 
articles while in solution, otherwise the plumbago may 
be worked off by friction, and, consequently, the design 
will be obliterated by deposition taking place where the 
design appeared. 

880 When several articles made ol diSjex^-o^* ^c^^^yJSsw 
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are to be plated in the same bath, the article which is 
the worst conductor should be put in first. Thus, sup- 
posing copper, brass, and German-silver articles are to 
be immersed, the copper article shoidd be suspended 
first, the brass next, and the German silver last. 
At the same time, the anode must be slightly lowered 
as each article is suspended. If convenient, it is better 
to plate articles composed of one metal or alloy only, at 
the same time. 

89. Bichloride of mercury in solution has been 
recommended for amalgamating zinc plates instead of 
the ordinary method, and, in many respects, it would 
appear to present an advantage. But if zinc plates are 
cast from a mixture of zinc and mercury, they would be 
still more effective and durable, and less liable to local 
action. The alloy of zinc and mercury consists in 
melting zinc in the ordinary way, occasionally adding 
a little grease, rosin, or sal ammoniac, and, when melted, 
po\ir in gradually mercury in the proportion of— 
1 ounce of mercury to each pound of zinc. Zinc thus 
alloyed is exceedingly brittle, and the plates will there- 
fore require careftd treatment. If well prepared, hpw- 
ever, these plates possess many advantages over the 
ordinary amalgamated plates. 

90. All old plated articles which have to be pumiced 
or rendered smooth with Water-of- Ayr stone, or otherwise 
prepared for plating with the aid of water (that is to 
say, not being rendered smooth by emery-cloth, &c.), 
should have a vessel kept specially for them; for 
instance, a wooden tub with a board placed across, 
in order that the particles of silver rubbed off by the 
pumice, &c., may be collected in the vessel beneath ; 

and the eiectro-plater cannot "be too c^aT%^>3\ m ^^^rov^ 
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this and all other kinds of waste, either of gold or silver. 
Many persons who have omitted to save this kind of 
waste from the commencement of their operations have 
nurtured the idea that it was useless (having lost so 
much already 1) to begin to save such comparatively 
trifling waste ; but we would strongly impress upon the 
student the great importance (when dealing with the 
precious metals) of using the utmost economy. Gold and 
silver are always recoverable, in some shape or other ; 
therefore, to allow them to escape down a gutter beyond 
the power of recovery (as many photographers do) is 
not only foolish, but wicked. 

91. A good conducting surface may be given to 
gutta-percha, wax, or other non-conducting material 
used in electrotyping, by employing precipitated silver. 
This may readily be formed thus : Make a solution of 
nitrate of silver, and place in it a few pieces of clean 
sheet zinc ; in a few hours the silver will be thrown 
down in the form of a grey powder. Any silver which 
may adhere to the zinc can be easily brushed off. The 
precipitate (which is fine silver) must be well washed 
with hot water, and ^then carefully drained on a filter 
of blotting paper; it is then to be well dried at a 
gentle heat, when it is ready for use, and may be 
employed in the same way as plumbago. 

92* Any good metallic bronze, but more especially 
copper bronze, will form an excellent conducting sur- 
face on gutta-percha or wax. The bronze known as 
Bessemer bronze is admirably suited to this purpose. 

93. Copper ribbon may be advantageously substi- 
tuted for copper wire, more especially when large 
electrotypes have to be formed. 

94. When o mould presents "nvaTv^ V^or^^ ^"t ^w^^^ 
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Xt is advisable to employ " guiding wires," as they are 
termed, to aid the deposit on these surfaces. For 
instance, a bunch of thin copper wires may be twisted 
round the negative electrode, close to its junction with 
the mould, and these wires should then be bent and 
allowed to touch each hollow or cavity, so as to favour 
the deposit at those parts. A very little practice will 
soon make the operator skilful in this matter. 

96- A very good alloy for zinc bars (for battefjr 
purposes) may be made by putting half an ounce of 
quicksilver to each pound of zinc in the crucible. The 
zinc bars should be well amalgamated all over before 
using, and they will retain their uniformity for a 
considerable time without any further application of 
mercury. 

96. It has been suggested to melt wax and litharge 
(oxide of lead) together to form a good composition for 
electrotype moulds. Take 1 pound of wax, and 1 ounce 
of litharge ; fuse them in a pipkin for half an hour ; 
then allow the litharge to subside, and pour off the 
clear liquid and set aside to cool imtil wanted. This 
composition is supposed to be less liable to contract 
when passing from the fluid to the solid state. 

97. When the "single cell" arrangement {vide p. 14) 
is employed for electrotyping, a stronger solution of 
sulphate of copper may be used than that before 
described. For instance, take 1;^ pound of sulphate of 
copper, half a gallon of hot water, and dissolve. Then 
add 1 pint of cold water acidulated with 4 ounces of 
sulphuric acid. The solution should be allowed to 
stand for some hours until quite cold, and the clear 
liquid separated from any sediment that may be presenl^ 
wl2ei2 it wiM be ready for use. 
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98. When fusible metal is employed for making 
moulds, care must be taken that the ingredients with 
which it is composed (p. 25) are well blended together. 
This is best secured by re-melting the alloy several 
times. When first melted, pour the alloy in detached 
globules on an iron slab, or a piece of slate will do, and 
when cold re-melt them. Do this several times to 
ensure perfect mixture. 

99. When a very stout deposit of copper is required 
for an electrotype, copper filings may be sifted over the 
deposited metal (provided the deposit is perfect), and 
the electrotype is then returned to the bath to receive 
an additional coating. The deposit will unite with the 
copper filings, when fresh filings may be added again 
and again, the mould being placed in the bath each 
time until the required thickness is obtained. 

100. Instead of adding sulphuric acid to the satu- 
rated solution of sulphate of copper as described at 
p. 15, Glauber's salt (sulphate of soda) may be substi- 
tuted. Take, say, saturated solution of sulphate of 
copper 2 parts, Glauber's salt 1 part, dissolved in suffi- 
cient cold water. The two solutions are to be well 
mixed together. 

lOL There are few articles with which the electro- 
metallurgist has to deal that are sold in a less pure 
state than the ordinary cyanide of potassium ; and in 
order that he may be able to estimate the money value 
of commercial cyanide, we give the following method 
suggested by the late gifted Thornton Herapath, of 
Bristol : — * 

"The first thing to be done in testing cyanide of 
potassium is to prepare a standard solution of ammonio- 

• T/ie Cliemist^ vol. m.» "V» ^%^% 
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sulphate of copper or ammonio-nltrate of copper. A 
certain known quantity of pure crystallised sulphate oi 
copper, made by crushing the pure crystals of the shops 
in a mortar and pressing the powder so obtained 
between folds of bibulous paper, is taken and dissolved 
in water. The solution so prepared is then to be 
diluted with water so as to measure 2,000, 3,000, or 
more water grain measiires at 60° P. Supposing 
390*62 grains of the pure sulphate to have been taken 
and diluted to 2,000 grain measures, every 100 grains 
of such solution will, of course, represent 6 grains 
metallic copper, or 6*25 grains of the protoxide of 
copper ; 100 grains of each of the samples of cyanide 
of potassium to be tested are then dissolved in a suffi- 
cient quantity of water, and introduced into the colori- 
meters; an excess of ammonia is added, and the 
standard solution of copper is carefully added (out of a 
graduated burette) to the contents of each colorimeter 
in turn, until a faint blue coloration makes its appear- 
ance in each of the solutions. The quantities of copper, 
or of the solutions taken, then indicate the relative 
strength and money value of the samples of cyanide 
examined. Suppose, for instance, one specimen took 
100 measures, and a second 150 measures of the copper 
solution, the relative strengths and values of such 
specimens are, therefore, as 100 to 150, or 2 to 3.*' 

In order to render the above process available in the 
determination of the actual strength of, or proportion 
by weight of pure cyanide of potassium existing in the 
commercial cyanides, it is only necessary, to obtain a 
small sample of pure cyanide and to ascertain how 
much of this is required to decolorise 1 grain of copper 
in the form of ammonio-nitrate. 
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102* To those who use jewellers' rouge (red oxide of 
iron, or colcotkar) in large quantities, and to whom its 
extreme fineness is of the first importance, the following 
process for its manufacture will be found highly service- 
able. By the ordinary methods of making rouge much 
care is required not only to free it from acid, but also 
from hard particles which would be highly injurious 
if not effectually separated from the article in the 
process of manufacture. To M. Vogel, jun., of Munich^ 
we are indebted for the process referred to, which is 
not only simple but certainly effective. 

Into a solution of sulphate of iron made with boiling 
water and filtered, pour a concentrated solution of 
oxalic acid, until no more yellow precipitate of oxalate 
of protoxide of iron is formed. When the liquid is 
quite cold, and deposits nothing more, the precipitate 
is washed on a cloth with hot water until the washing 
water no longer gives an acid reaction upon blue 
litmus paper. The oxalate is afterwards well drained, 
and heated in the partially dry state on an iron plate 
or in a boiler of the same metal, over a small charcoal 
fire or even a spirit lamp. The decomposition com- 
mences at the temperature of 392^ F., and on raising 
the temperature a little the red oxide of iron is formed, 
and is foimd in the finest possible state. 

The rouge thus formed affords the most perfect 
security of the finest division of the product, and may 
be employed with the greatest success in polishing 
either gold or silver, and it has been foimd invaluable 
in the polishing of plate-glass. Daguerreotypes, and 
optical instruments. 

103* M. Yogel, jun., also turned his attention to 
the Buhatauce known as "putty ''po^ftL^t^^ VjsxA^^ ^*v 
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tin), which he prepares by the following simple 
process : — 

A solution of commercial chloride of tin is prepared 
by pouring on 1 part of the salt 6 parts of boiling 
distilled water, and the solution is filtered through a 
cloth into a cylindrical glass vessel in order to keep 
back any foreign substances with which the chloride 
may be contaminated. Into the still hot and almost 
clear solution of chloride of tin is poured a concentrated 
solution of oxalic acid ; a white precipitate of oxalate of 
protoxide of tin is formed. After complete cooling, 
the Ifquor is decanted, and the precipitate washed on a 
linen cloth with cold water until the washings no longer 
give evidence of the presence of acid on litmus paper. 
i^ The oxalate of tin is now to be heated, dried on an 
iron plate, or in a boiler of the same metal, over a 
small charcoal fire. The decomposition of the salt 
commences at red heat, and there remains ; after the 
disengagement of carbonic acid gas and carbonic oxide, 
a quantity of oxide of tin is found in a state of extreme 
division. 

During the decomposition — ^which must be accelerated 
by stirring with an iron wire — the matter undergoes • 
considerable increase in b\ilk ; consequently, it is neces- 
sary to employ for this operation very spacious vessels, 
so as to avoid loss of product. 

With regard to quantity, we obtain 1 part of oxide 
of tin by employing 2 parts of chloride of tin and 1 
part of oxalic acid. 

It will be obvious that by the above processes each of 
the products will be in ttie ioxm at «cl Yca^ol^able 
powder, which is of tke greate»\.\m^oT\.«aa^V».^^s5^^i^- 

j'ng metallic surfaces. 
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104. Electrotypes may be bronzed by suspending 
them in a wide-mouthed bottle, at the bottom of which 
a small quantity of sulphide of ammonium has been 
placed. The sulphide of hydrogen which escapes will 
give a good bronze tint to the copper in a few moments, 
the depth of tone being regulated by the time of ex- 
posure. 

106. A very good elastic moulding material for 
copying objects which are very much underctit, may be 
made by dissolving 1 pound of gelatine in three-quarters 
of a pint of water, over a slow fire ; when dissolved, 
add half an ounce of beeswax cut up in small pieces. 
This mixture should be warm, but not hot, when used. 
Before applying elastic moulding materials plaster casts 
should always be carefully brushed over with oil. 

106. Glass vessels may be coated with copper by 
the electrotype process, by simply varnishing the outer 
surface of the vessel, and when the varnish is nearly 
dry, brushing plumbago well all over it. A conduct- 
ing wire is then attached to the varnished surface, 
which may be conveniently done by employing a small 
piece of softened gutta-percha or beeswax — taking care 
to apply the plumbago to the part which unites the wire 
to the plumbagoed surface. 

107. In no case should an electrotjrpe be removed 
from the mould imtil a sufficiently stout deposit has 
been obtained, otherwise the operator may be disap- 
pointed by finding the copy break while he is separating 
it from the mould. 

108. It is a good plan to allow amalgamated plates 
of zinc to dip into a shallow \ea^^CiQftiViiYDM>L'^\3Ms^ 

this vessel should be placed at^^\>oV.WccLol'0s^^\i''j5^^^^^ 
Jar, and the plate allowed to xe^t m Vt ^V^^^^^^'^'^^*^^ 



186 ELECTRO-METALLURGY. 

18 in action. This will keep the plate well amalgamated 
for a long period, if the process of amalgamation has 
been efficiently carried out in the first instance. The 
evolution of gas at the plate will always indicate when 
undue chemical or ''local" action takes place, when 
the plate should be at once removed and re-amalga- 
mated. 

109. Decomposition troughs for cloctrotyping may 
be very conveniently made by those who live in dis- 
tricts where chemical apparatus is not easily obtainable, 
by the following plan. Obtain four pieces of plate 
glass, say two pieces 12 in. X 6 in., and two pieces 8 in. 
X 6 in. These plates of glass may be readily united 
by Canada balsam, melted gutta-percha, or marine glue 
•—the two shorter plates being so placed as to form the 
ends of the vessel. A piece of stout board, 13 in. x 9 in., 
forms a bottom, and the glass vessel may be cemented 
to this first with Canada balsam, and lastly by pouring 
melted pitch or asphaltum round the interior of the 
vessel, where the glass and wood unite. Softened 
gutta-percha, fused on by means of a moderately-heated 
poker, will be a very secure and simple substitute for 
the pitch. A glass vessel thus constructed will last for 
years with moderate care, and is admirably suited for 
electrotyping purposes. Plating solutions containing 
cyanide of potassium, however, should not be placed in 
vessels which are made of detached materials, as the 
substances employed to put them together are generally 
soluble in cyanide, not excepting gutta-percha. In a 
vessel of the size above given, several electrotypes may 
be made at the same time mt\i a "Vi^XiVer^ ^i \«iW^l^ 
power. When several eleotrotjij^a w^ ^ "^^ ;^x^5y»sy^ 
fa the same decomposition tiougkiA^^^^^^^^'^^^^^ 
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suspended from a brass or copper rod connected with 
the negative pole of the battery, and a stout sheet of 
copper (connected with the positive pole of the battery) 
is to be suspenued in the copper solution immediately 
facing the moulds to be copied. 

110* When the mould is first placed in the solution 
of copper, only a very small surface of the copper anode 
should be immersed at first^-a surface about equal to 
the amount of wire attached to the mould which is in 
solution. This precaution will prevent the deposit 
taking place too rapidly at the junction of the wire 
with the mould — a very important matter to avoid, 
since otherwise, the copper might become deposited in 
thejstate of a powder instead of in the proper reguline 
condition. And, again, the battery power must not be 
too vigorous at first, or the deposit will take place too 
rapidly at the point of the wire, assuming a dark-brown 
colour of a powdery texture. When the deposit has 
commenced properly, a bright red layer of copper will 
start from the point of the wire, radiating gradually on 
to the plumbagoed surface. After a while, the anode 
may be lowered gradually, thus augmenting the sur&ce 
m solution as the deposit progresses. When the mould 
is thoroughly coated the battery power may be in- 
creased, and the surface of anode in solution augmented 
also. 

111. Those who are unable to procure porous cells of 
any given size at a time when they are most in need of 
them, may render themselves independent in this respect 
by manufacturing these things for their own use by a 
very ghnple method. For t\i\a -gMTgCi^^ ^"W^ ^'l ^rwwfs^ 
plaster-of-PariB, a ttin aheet oi tVa, ^x ^ i&^«s^\.^'l\»s^- 
board, A wooden core, and a \\U\e «}wr«\5g, ^^^ ^^ "^ 
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will be required. Haying determined what size tlie 
porous cell is to be made, a round wooden roller (such 
as silks are rolled upon, and which may be obtained 
from any linendraper) is procured, and this is to be 
employed as a core, thus : — Make an artificial shoulder, 
say 12 inches from one end of the roller, by binding 
about six strips of thin card, one above another, round 
the roller. These pieces of card should be about an 
inch in width, and eaph succeeding strip or layer must 
be cut longer as the circumference increases, so as to 
form a perfectly round shoulder. A piece of thin sheet 
tin or pasteboard, say 13J in. long, is now to be tightly 
bound round the shoulder, to form a tube or case, and 
the edges of this outer case may be further closed by 
sealing-wax — ^taking care that the roller does not touch 
the outer case. In order to render the core easy to 
remove, the wooden core may be covered with a layer 
of fooJjscap paper, pasted at its edges and overlapping 
the end ; the paper should be well oiled. The mould 
being now ready, a sufficient quantity of plaster-of-Paris 
is to be worked up quickly into a thin paste, and^ the 
mould being inverted, the plaster is to be carefully but 
promptly poured in, taking care that there are no air 
bubbles, and that the plaster reaches the extreme open 
end of the tube, which is to form the bottom of the 
cast. When all the plaster is poured in, the mould 
should be held upright until the plaster has "set," 
which it will do in a few minutes. It may then be put 
aside for an hour or so, when the core may be with- 
drawn, gently, and the outer case removed. Should 
the paper in which the case was enveloped still remain 
in the mould, this may be easily removed by gently 
pulling it away J or, should, it -ptoNe ^^\iYaa.\fe> ^Vl^x^ 
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the porous cell has become quite hard a little hot water 
and soda will soon render it easy to remove, by convert- 
ing the oil into soap and the paper into pulp. The 
porous cell should then be rinsed, and after trimming its 
rough edges with a knife or file, the cell is ready for 
use. By shifting the shoulder, porous cells of more or 
less depth may be made at any time. A little practice 
will soon render the operator expert in porous cell 
making. 

112. In coating steel or iron articles with nickel, 
deposition should not be allowed to take place too 
rapidly at first, otherwise the metal will be liable to 
strip. The battery power should be moderate, and the 
surface of anode in solution only sufiicient for the 
deposition to take place at once, but not too vigorously. 
When the articles have become ''struck,'' as it is 
termed, the strength of the current should be gradu« 
ally but cautiously increased from time to time. This 
must be done with judgment, however, as a good regu- 
line deposit of good colour depends greatly upon the 
nature of the current employed and the amount of 
anodal surface exposed. It is also of the greatest im- 
portance that articles of steel or iron should be placed 
in the solution-bath immediately after they have been 
cleaned, as even a few moments' exposure to the air, or 
immersion in water is quite sufiicient to cover them with 
an invisible layer of oxide, which would prevent the 
nickel from adhering closely to the other metal. On 
the other hand, it is important in coating steel or iron 
articles with nickel, not to suffer deposition to take place 
too slowly when they are first placed in the bath, as 
they are apt to strip from this cause also. When con- 
venient to do so it is a good plan to scratch-brush the 
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articles after they have received a thin coating, by 
which the subsequent deposit is rendered far more 
liable to adhere. The author has always found, when 
coating either steel or iron with other metals, that the 
scratch-brush has been his best friend ; and the labour 
bestowed has given ample return in the shape of a good 
adhesive coating to these rather refractory metals. 

113. When precipitating zinc or copper by sulphide 
of hydrogen from acid solutions of nickel, as, for 
instance, in cases where commercial, and not pure, 
nickel has been used, it is of the greatest importance 
to observe two essential conditions of the liquid treated. 
1. If the acid solution contains a large excess of acid, 
it is exceedingly probable that a small portion of zinc 
will continue in solution even though the stream of 
sulphide of hydrogen may have passed through the 
solution for several hours. 2. If the acid solution is 
highly concentrated, it will be almost impossible to get 
rid of every trace of the zinc. The conditions which 
most favour the complete separation or precipitation of 
the zinc are, the solution being only moderately acid, 
and tolerably dilute. Copper is more readily thrown 
down by sulphide of hydrogen than zinc, and the 
absence of its characteristic colour is sufficient evidence 
that there is none of this metal in solution. The sul- 
phide of hydrogen, whilst it leaves the nickel in solu- 
tion, will readily precipitate either antimony or iron, 
should the nickel have been alloyed with either of these 
metals ; but the solution must be slightly acid at the 
time, otherwise the nickel also will be thrown down. 

114. Britannia metal, or pewter articles which are to 
be coated with nickel, require different treatment to 
either brass, steel, or iron. Being inferior conductors. 
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these softer alloys require vigorous battery power la 
order to induce the deposit to take place promptly. 
At the same time it is advisable, provided the deposit 
takes place immediately after immersion, to move the 
pewter or Britannia metal about in the solution gently, 
so as to ensure a uniform coating, and to prevent the 
deposition taking place too suddenly. Of course this 
will only be necessary when very strong battery power 
is employed. After awhile, that is when the articles 
are completely coated with nickel, they may be allowed 
to remain in the bath to acquire the necessary thick- 
ness of coating without being disturbed beyond an 
occasional shifting of the suspending wires. 

115* It is a good plan, when a large number of 
Britannia metal articles have to be coated with nickel 
—especially if the bath is not in a favourable condition 
— to give such articles a slight coating of brass, by 
employing either of the solutions described in the 
earlier part of the work. After being coated with 
brass, the articles must be well rinsed in clean water, 
and at once transferred to the nickel-bath. 

116* The solution for nickeling steel or iron should 
not be quite so strong as that used for brass or copper. 

117. Zinc is more readily precipitated by sulphide of 
hydrogen from the solution of its chloride, than from 
the solution of sulphate, though both will yield up 
their zinc to the sulphide if the conditions referred to 
in § 113 are fully carried out. 

118* Sulphide of hydrogen may be readily made as 
follows : — ^Take, say 1 lb. of iron filings, and intimately 
mix with them about 4 ounces of powdered sulphur, place 
this in a crucible and subject to a good heat in a coke 
fire. When red-hot, the crucible ina.Y ^ ^^^ ^4fc ^s^ 
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oool, and the sulphide of iron formed may be bottled 
until required for use. To generate sulphide of hydro- 
gen gas for the various purposes referred to in these 
pages, put a little of the sulphide of iron in a wide- 
mouthed bottle fitted with a cork in which a hole must 
be bored to admit a glass tube to convey the gas. Thia 
tube should be bent to the shape given in the woodcut, 
by holding the part to be bent over a gas-burner or 
spirit-lamp. When the glass becomes red-hot it will 
readily bend, and should be allowed to cool gradually. 
This tube is now to be placed in the perforated cork, 
the shorter end being inserted and allowed to project 

about half an inch beyond the cork. 

_ Now add about 4 oimces of cold water 

If ^\ aiid 1 ounce of sulphuric acid to the 

If ^L sulphide of iron, place ihe cork firmly 

^ in the bottle, and at once put the long 

^k end of the tube in the solution to be 

^ operated upon. It is well to state that 

sulphide of hydrogen, besides being very 

ofiensive to the organs of smelling, is exceedingly 

poisonous when inhaled; it is advisable, therefore, 

when employing it, to use every precaution, and, if 

possible, to conduct any operation in which it is used in 

the open air. The sulphide of ammonium may be 

formed by passing the above gas through a dilute 

solution of liquid ammonia, and this must be kept in 

a stoppered bottle. 

119. A method of nickeling small articles, such as 

pins, hooks and eyes, &c., by boiling, has been suggested 

bjr Dr. Kayder. He first melts together 1 part 

copper and 6 parts pure tin. TYie bSXo^ a& ^voL^j^ai^ 

in the usual way, but not too fine, wiaL^^TiTfi:\x.^^ioJfi5i 
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water and cream of tartar into a paste. To each two 
hundred parts of the granulated alloy is added one part 
ignited oxide of nickel^ and the articles laid in the 
mixture. After boiling a short time^ they are said to 
become well- plated. Some fresh oxide of nickel must 
of course be added from time to time. Brass and cop- 
per articles can easily be plated in this manner without 
previous preparation ; those of iron must first be copper- 
plated. By adding some carbonate of nickel to the 
above bath, or to a common white bath, and boiling, a 
coating richer in nickel is obtained. 

120. A very good solution for electro-brassing may 
be thus made : — ^In a vessel capable of holding, say 10 
gallons, put 5 gallons of water and 1^ lb. of cyanide 
of potassium, which must be allowed to dissolve ; next 
add 2 lbs. liquid ammonia, and 5 lbs. carbonate of 
potassa ; then half fill a large porous cell with a strong 
solution of cyanide of potassium, and in this solution 
immerse several pieces of thin sheet copper. A sheet 
of milled brass is now to be soldered to the positive pole 
of the battery, and this is to be immersed in the larger 
solution of cyanide, &c. The negative pole of the 
battery is to have a piece of thin sheet copper soldered 
to it, and this is to be placed in the porous cell, in close 
contact with the other pieces of copper, and the porous 
cell is to be placed erect in the larger bath. The solu- 
tion of cyanide should be of the same height in each 
vessel. The battery is now to be allowed to continue 
in action until there are about 15 to 20 ounces of brass 
dissolved into the solution from the sheet of brass — ^thu 
exact weight of which should bo aa«iet\»'iY£i^^\i^^^^ visoS^ 
otter immerBion. When ihe ixilCL amssvvjc^ ^il\it^5^^ ^^ 
diseqlved, the porous cell is to \>^ xetass^^^ ^jsA.^'?^^ 
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added to make ten gallons of solution. With one or 
more Bunsen's batteries^ the above solution will give 
very good results. Fresh cyanide and liquid ammonia 
will have to be added from time to time, when the 
solution ceases to give good results. If at any time the 
solution becomes tardy in its action^ it is a good plan 
to add to it a certain quantity of concentrated solution 
made as above. In fact, it is well to keep in stock a 
supply of concentrated solution with which to strengthen 
the bath occasionally, for the brass anode seldom dis- 
solves freely enough to keep the solution at its normal 
strength. 

121. Timepiece dials which have been plated by 
the chloride of silver process — ^that is, the old-fashioned 
method of plating — ^may be replated by the same pro- 
cess, if required, in the following manner : — ^Dissolve a 
small quantity of silver in nitric acid, and then dilute 
with water. Four in a strong solution of common 
salt, which will throw down all the silver in the form 
of chloride. Wash the precipitate thoroughly with 
warm water, finally pouring off the whole of the water. 
Add a little common salt, powdered, to the chloride 
and work up into a paste. Having well cleaned the 
dial — ^which is made of brass — the paste is to be 
rubbed on its surface with the flat end of a good 
cork. By rubbing the paste on, in circles, a smooth 
layer of silver will be given to the dial which will 
retain its colour for many years. The operation ol 
rubbing on the chloride paste must be conducted with 
^reat care, in order to ensure perfect evenness. Aftei 
the dial ia well coated, it is te \i^ tos&^ in hot watei 

and dried, when it may \>e ge^i^i^Y x^^Mci^ ^^iSScL ^\J«s^ \ 

rrool. It IS then ready to >5^ xe^wxA^^ 
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122« The most economical way to gild gold chains, 
&c., which are merely required to be "coloured" — 
that is, to have a slight coating of fine gold of good 
colour upon them — ^is first to well scratch-brush the 
articles, being careful to let the beer run freely, and 
then give them a momentary dip in a hot solution. • 
The battery should be in good working order, and a 
good surface of anode exposed. When this operation 
is well conduotedj although the work will exhibit the 
colour of fine gold, there will be so small a quantity of 
metal deposited that its weight would scarcely turn the 
scale. This applies mostly, however, to articles which 
are made of a good quality, say 16 or 18 carat gold. 
When the goods are manufactured of a lower standard 
a superior coating should be given. Many articles 
made of 18-carat gold, which have been frequently 
^' coloured ''—that is, boiled in the colouring salts — 
become so tender from the alloys of silver and copper 
having been partially removed from them, that it is 
frequently advisable to electro-gild them rather than run 
the risk of colouring them in the ordinary way. The 
author has frequently met with chains, &c., which 
would scarcely bear handling, from having been 
coloured a great many times. It is necessary to be 
very careful in scratch-brushing such tender work, 
as breakages become very embarrassing to the electro- 
gilder. Only the extreme points of the scratch- 
brush should be employed, and very light pressure 
given. 

123. All kinds of wire-work, but more especially 
filigree-work, require to be coa\.^ m ^ ^OcQ^i^ssli. ^^^- 
Uiining a Mr amount of gold. TVi^ \i^\X«t^ ^SMssSAw^i^ 
yigorouB, and a good surface ot wioAa «x?e^^^^ ^"^^ 
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these conditions are observedj wire- work is liable to 
receive the deposit partially. When the current is 
tolerably strong, if the articles are gently moved about 
while in solution, those parts which are most diffi- 
cult to gild will more readily receive the deposit ; and 
when once the article is coated aU over the deposition 
will proceed with greater uniformity. It is a good 
plan, however^ to scratch-brush the articles as soon as 
they have become coated^ and then to immerse them 
in the bath until finished. 

124. The insides of cream -ewers, mugs, &c., 
should never be gilt with an anode which is thin and 
much worn at its lower edge, otherwise small particles 
of gold will fall from the anode, and becoming 
deposited on the bottom of the vessel, these particles 
wiU prevent the deposit of gold taking place at the 
parts on which they have rested. When the anode is 
thin and ragged, from long use, it is better to cut 
away the ragged portion before employing it for 
insides of sugar-basins, &c. A stout anode is, of 
course, preferable to a thin one, but with the precau- 
tions we have suggested the latter will answer very 
well. A cylindrical anode is better than a flat one for 
the insides of vessels, inasmuch as it causes the deposit 
to take place more uniformly — especially in the hoUows 
of chased work. 

125* In cases where it is not desirable to remove 
the tin from the bottoms of old cruet-frames, the 
tinned surface may be coated with a thin layer of 
copper by simply applying a sponge dipped in a weak 
solution of sulphate of copper, to which a few drops of 
sulphuric acid may be added ; and by touching the part 
to be coated with a thia atrip oi d^^u ixou or ziuc, the 



CAUSES OF BOTTGH DEPOSIT. 197 

tin will become instantly coppered wherever the sul- 
phate of copper has touched it. Thus part at a time 
may be coated with copper, and when the entire 
surface is coated, the article should be rinsed and 
then properly prepared for the plating-bath. 

126. Sometimes a plating-bath, unless it be very 
deep, will give a rough deposit upon the lower surface 
of large articles, such as salvers, dishes, &o. The 
reason of this is that particles of dust, which had 
settled at the bottom of the plating-bath, become 
disturbed when an article of large size is immersed, 
and these particles settling upon the article cause the 
deposit to take place irregularly, and in a rough state. 
Not only this, but when the anodes have been long in 
use, and have become much worn at the lower edge, 
minute particles of silver fall to the bottom of the 
bath, and when the solution is disturbed by immersing 
an article of large surface, those particles of silver will 
settle upon the lower part of such articles, and the 
deposit will take place aoer them, causing a very rough 
and streaky coating, which it will be very troublesome to 
render smooth enough for the burnisher. The streaky 
form of deposit from this cause always assumes a 
vertical direction. To remedy this defect, the best 
plan is to let the solution rest for twenty-four hours, 
and then carefully draw it off by means of a syphon to 
within a few inches of the bottom. The remaining 
portion of the solution should be carefully filtered and 
then added to the bulk. Some careless persons have 
been known to rub the suspending-rods with emery 
cloth while they have been lying across the bath. This 
shoidd never be done, as the particles of brass, emery, 
&c.^ would most certainly prove iTiysmswa \sl ^^nrv^ 
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we have stated at some time or other — ^independent 
of the fact that the cyanide will act npon small 
atoms of oxidised brass^ and thus impair the solution. 

127. When a battery has been used for some time 
and it works slowly, it is better to throw away the 



contents of the cell, which will be strongly impregnated 
with sulphate of zinc, than to keep on adding firesh 
acid. An accumulation of sulphate of zinc not only 
retards the action, but it also prevents the acid from 
doing its duty properly. If there is a large excess 
of sulphate of zinc formed in the battery cell, it 
will even crystaUise upon the positive element, and 
thus stop the action of the battery altogether. 

128. Batteries should never be in alternate pairs 
when used for depositing gold or silver, as this intensity 
arrangement is apt to decompose the solution, besides 
rendering the work liable to strip. It is better to 
unite all the wires issuing from the copper into one 
group, and those proceeding from the zinc into 
another group. By doing this, the quantity of the 
current is increased without increasing the intensity 
{vide p. 141). 

129. A form of battery designed by the author 
many years ago may prove of service to the electro- 
gilder, and therefore a brief description of it may not 
be unacceptable. A long strip of sheet copper is to 
be corrugated (as in the annexed engraving), to which 
a copper wire is attached ; this is placed in a cylindri- 
cal jar; a stout zinc bar, amalgamated, and with copper 
wire cast into it, is placed in a porous cell. . Dilute sul- 

phuric acid is used as the excitvng ftxxli for both metals. 
Jijr corrugating the sheet coip^et «w xoxi^ ^swL^x 
sur&ee is presented than wViea a ip\a.m wg^T ^^Xo^^^x 
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18 used, and tliu8 the quantity of the current is aug- 
mented. 

An easy way to corrugate the sheet copper is to 
be provided vith two round sticks, say half-on-inch in 
diameter and twelve inches long, and by rolling the 
copper half-way round one stick, which is placed on 
the copper, and the other stick under the sheet, which is 
then beoit half round tho second stick. The first stick 
is then withdrawn and placed on the metal as before ; 
and so on until die entire strip of copper is equally 
corrugated or fluted. Care must be taken to have tho 
strip of copper of sufficient length to admit of its 
receiving the requisite number of turns to form a 
(^linder, and of tho required width. 
The strip of copper must be about 
three times the length that would bo il 
required for a plain cylinder for tho [ 
negative element. 

130. M. Klein, of St. Petersburg, D 
has succeeded in making electrotypes Q 
in iron as a substitute for copper ' 
electrotypes, and it is said that the im- 
provement has been eminently successful in its applica- 
tion to bank-note printing, &c. After having tried many 
solutions of iron, bat with only partial success, M. £leiu 
at last found one which answered his pnrpose thoroughly. 
This bath ctmsists of a solution of sulphate of iron, 
from which the iron is precipitated by carbonate of 
ammonia. The precipitate is then dissolved in sul- 
phuric acid. The solution must be evaporated to 
expel any free acid. Another bath consists of equal 
parU o£ chlorate of Bmmoiu& kd&. vd!^^aKt« ^ S3.<3&^ 
Both tbeso baths must bo ii&Cf^. w wjacjeoX'^**^ «* "^F**^ 
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Bible. An iron anode is to be employed exposing 
about eight times more surface than the copper 
cathode which is to be coated presents. After being 
worked some time, the deposit became faulty, which 
was found to be due to the presence of acid in the 
bath. This acidity was proved to be due to the anode 
not supplying the solution with the proper equivalent 
of iron to replace that which had been deposited. 
M. Klein then introduced a copper anode, as well as 
an iron anode, and the bath soon became neutral again, 
and the deposition was more uniform. [The surface of 
anode must be extensive.] The colour of the deposit 
was a dull grey, and somewhat rough, probably owing 
to the air-bubbles formed during the process. The 
metal deposited was exceedingly hard, being nearly 
equal to hardened steel. When heated to cherry 
redness it became malleable^ and as easy to engrave 
upon as soft steel. The electrotype plates thus formed 
are said to be very durable — far more so than copper, 
and hence their importance in bank-note printing. 
The deposited iron is permanently magnetic. Doubt- 
loss M. Klein will improve upon his present process 
in course of time, but so far it appears to be a perfectly 
practical process — at least, in his hands — ^and .the 
Russian Government have promptly turned the inven- 
tion to account. 

131. Electro-etching is another useM application 
of the art which is worthy of notice. A copper plate 
is prepared in the same way as for engraving ; it 
is then to be coated with a mixture composed of 
asphalte, wax, pitch, and Burgundy pitch; and the 
back of the plate is to be varnished. The design is 
now to he drawn through, the etxrihrn^-^Qund with 
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a fine point. When this is done, attach the plate to 
the positive pole of the battery, and immerse in a 
solution of sulphate of copper or dilute sulphuric acid 
— using a second plate of copper for the negative pole. 
After a few minutes' immersion, remove the prepared 
plate, dry it and stop out the fine etched lines with 
yamish. The shadows are next to be traced through 
etching-ground, in the usual way, and the plate again 
placed in the bath for a few minutes. Each time 
after the etching-point is used in the various stages, 
the plate is to be returned to the bath for a few 
minutes, and the etching-lines stopped out with var- 
nish as before. When the last touches have been 
given, the plate is to be immersed in the bath as 
before, and finally the etching-ground and varnish 
removed, when the plate will be ready for printing. 

132. Gutta-percha and wax models for electro- 
typing may have their surfaces rendered conductible 
by the following plan : — Take equal parts of albumen 
(white of egg) and a saturated solution of common 
salt, and apply the mixture to the object to be coated 
by means of a soft brush. Then dry the composition 
thoroughly. Now make a strong solution of nitrate 
of silver and dip the mould into it for a few minutes 
or so, and again dry. Expose the mould to a strong 
light, until it becomes quite black. The mould is 
then to be dipped into a saturated solution of sulphate 
of iron, when a layer of metallic silver will be formed, 
upon which a deposit of copper may readily be 
obtained. The mould should be rinsed when taken 
from the sulphate of iron solution, and the battery 
wire attached to it, when it may be at once placed in 
the electrotyping bath, e. 
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133* The snlpliate of iron combined with sulphate of 
ammonium has been recommended to form a solution 
for depositing iron upon copper surfaces, such as copper 
engraved plates, &c. Iron being much harder than 
copper, it is much desired to obtain a good regnline 
deposit of this metal upon engraved plates, by which 
their durability is considerably enhanced. 

134. Becquerel recommends (in order to prevent the 
formation of peroxide of nickel in the nickel-bath) the 
continual addition of ammonia, by means of which 
the acid which is set free becomes neutralised. When 
the anodes fail to supply the solution-bath with the 
amount of nickel taken from it by the articles coated, 
acid is liberated, and an inferior deposit is the result. 
It is important, therefore, to keep the solution neutral 
constantly by the addition of ammonia, a moderate 
excess of which does no harm. 

135. Men& takes a boiling neutral solution of chloride 
of zinc, to which he adds a solution of a salt of nickel ; 
sheet or granulated zinc is immersed in this solution, 
in contact with which must be the articles to be coated. 
The solution must be kept neutral. 

136- Stolba deposits nickel or cobalt by forming a 
bath consisting of a solution of either metal, to which 
is added a dilute solution of chloride of zinc. A piece 
of metallic zinc is put in contact with the articles to be 
coated. A little hydrochloric acid is also added. 

137. According to Jacobi and others, it is not neces- 
sary (as Mr. Adams says) to have solutions of nickel 
free from -salts of potassium and other alkaline salts, as 
a solution may be made with, tha doxxble ciul^hates of 
nickel and potassium. 
138. In working brasBiag Bo\u\iLOT^> ^:^^ ^^sssss 
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says that the evolution of hydrogen at the cathode may 
be entirely stopped by employing 'oery strong solutions 
of brass. When> therefore, the solutions become ex- 
hausted, fresh concentrated solutions of copper and zinc 
should be added to the bath. Mr. Walenn believes 
that the evolution of hydrogen in brassing solutions is 
owing to the small quantity of metal in solution, for 
when a larger amount of metal is employed, the evolu- 
tion of this gas stops. He also prefers working these 
solutions hot. 

139* Articles composed of iron may receive a stout 
and durable coating of copper or zinc by first coating 
them well in an alkaline bath (see p. 35) and then 
giving them a final coating in a so-called acid-bath, 
that is, a solution of either sulphate of zinc or sulphate 
of copper. These solutions, however, should be care- 
fully neutralised by carbonate of soda or ammonia 
before using them for this purpose. 

140* Plaster busts may be reproduced in electrotype 
by first coating the plaster with wax and then applying 
plumbago in the usual way. Upon this^ copper is 
deposited by the battery of su£Gicient thickness to bear 
handling. The plaster is then to be broken away from 
the electrotype (which now forms the mould), and this 
is to be slightly rubbed over with oil. The mould is 
then to be placed in the bath until a sufficiently stout 
impression is obtained, when the copper mould may be 
broken away, and the electrotype bust, after being well 
freed from grease, may be bronzed by any of the 
processes described, or polished bright if desired. 

141. Stereotyping, as it is termed^ confiifttAi3\tA3dssL%^£& 

impression of the type inp\aateT-oi-^wc\a ^t ^^^^ \sia^»rv 

rial coating aa usual with pVucoJoQiiftO ox ^^^^ ^^^so&^^Nfs 
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and then depositing a thin coating of copper, which is 
afterwards strengthened by running in solder or lead. 

142* Embossed cards, or paper (envelope crests, for 
instance), may readily be copied in electrotype by first 
saturating the paper slightly with wax. Plumbago is 
then to be brushed over in the usual way, when a 
deposit of copper will readily take place, and a perfectly 
sharp impression obtained. 

143. Leaves, flowers, &c., may be copied by first 
dipping them in a solution of phosphorus in bisulphide 
of carbon, and then into a solution of nitrate of i^ver. 
The silver becomes reduced to the metallic state, which 
renders the object an excellent conductor. 

144, Batteries which have a copper cylinder for the 
negative element, may have their qwintity augmented 
by placing fragments of broken electrotypes at the 
bottom of each battery cell in close contact with the 
cylinder. The author has employed old rifle-caps for 
this purpose, placing several hundreds in each cell, by 
which means the quantity of the current was increased 
up to a certain point in proportion to the extra surface 
of copper thus presented. 

145* Lace, net, and other similar fabrics may be 
coated with copper, by first dipping in melted wax. 
The superfluous wax must be removed by placing the 
net between two layers of blotting paper, and then 
passing a heated iron over the surface. Plumbago or 
bronze powder is then to be applied, and the article 
will be ready for the coppering bath. 

146* Glass vessels may be covered with copper by 
rarnisbing OT coating them ^itk -^i^x. m the first place, 
and then applying pluinbago, aft«t \?V\Odl 'Od.^^ ^^ 
ready for the coppering batiu 
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147. It 10 a good plan to give a coating of vamisli 
shellac dissolved in spirit of wine, for instance) to the 
)ater edges of electrotype moulds, to prevent the deposit 
>f copper taking place upon those parts, but the varnish 
must not be too thin, nor too freely used, otherwise 
some of it may find its way upon the surface of the 
mould and thus render the impression imperfect. Grease 
of any kind, carefully applied, will answer the same 
purpose. 

148- Silver bronze, as a conducting medium for 
electrotype moulds, may be very easily prepared as 
follows : — ^To a solution of nitrate of silver add suflBcient 
solution of common salt to throw down all the silver in 
the form of chloride. Wash the precipitate several 
times, finally pouring off nearly all the water ; now put 
in a piece of pure sheet zinc and add a few drops of 
sulphuric acid. Apply moderate heat, and in a few 
hours the chloride will be converted into a delicate 
bronze of pure silver, which should be washed several 
times with hot water, and finally dried on filtering 
paper. This silver bronze should be kept in a bottle 
well corked, as it would lose much of its conducting 
power if allowed to be exposed in a vitiated atmosphere. 

149. Gold paint has sometimes been used to give a 
conducting surface to articles of a delicate nature. 

150* Sealing-wax impressions do not readily receive 
a coating of plumbago ; it is a good plan, therefore, to 
apply with a soft brush a little spirit of wine to the 
impression before plumbagoing ; but this must be done 
with care, as the spirit, if too freely used, will dissolve 
the sealing-wax, and thereby apoil t\i^ Yo^x^^^v^^i^. ^^5S5sr» 
object of employing the spvtVt oi VvKift Sa \fi«t^ *^ 
wpart a very slight rougliiiQaa. 
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15L Hooks and eyes, and other small ai ti cles Vf}ik\ 
require to be silvered or gilt in large quantitieSf may be 
conveniently placed in an earthenware colander, the 
perforations of which should be tolerably large in order 
to admit the free exit of liquids. Hooks and eyes 
which are made of brass should be first dipped into a 
solution of caustic soda or potash to remove grease, and 
then be well rinsed. They must then be dipped for an 
instant in "dipping acid/' and again rinsed several 
times. The perforated vessel, containing the hooks, 
&c., should then be placed in the bath, and the negative 
electrode put in contact with the hooks, and by employ- 
ing this electrode as a stirrer, while deposition is going 
on, the articles will become uniformly coated aU over ; 
otherwise, were they not to be moved about, those parts 
which were in contact would not receive the deposit. 
Iron hooks and eyes should be first coated with brass or 
copper before being plated. 

152. A solution of platinum, from which this metal 
may be readily deposited, is formed by adding a solu- 
tion of chloride of ammonium (sal-ammoniac) to a 
solution of chloride of platinxmi. This mixture should 
be boiled for a short time, and then set aside to cooL 
Before using the solution, liquid ammonia is to be 
added gradually, until it is neutral to test-paper. The 
platinum solution will require strengthening with a 
concentrated solution of the double salts each time after 
it has been used. 

153. Another process for platinising consists in 
taking a solution of the chloride of platinum as nearly 
neutral as possible, to which is to be added a strong 
solution of caustic potash until all the platinum is 
thrown down. The precipitala \a \» \i^ '^^\I cashed 
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with equal parts of alcohol and water, and finally with 
alcohol alone. The precipitate is then to be dissolved 
in hot distilled or rain water, and is ready for use. # 
The solution is to be used while hot, the articles to be 
coated being dipped into it. After a few moments' 
immersion the article will at first appear somewhat 
dull, but soon assume a more brilliant appearance when 
the operation is complete. After the necessary deposit 
is obtained, the articles should be rinsed in boiling 
water and then dried in very clean bo^ sawdust. 

154. Lead may be successfully deposited from the 
following solution : — ^Dissolve about 3 ounces of litharge 
in a solution of caustic potash, and make into 1 gallon 
of solution. A leaden anode is to be employed, and 
the streng^ of the solution may be kept up by adding 
£resh litharge from time to time if required. Articles 
well coated with lead will resist the action of many 
acids, alkalies, &c. 

155* For depositing palladium from its solution, the 
double neutral chloride of palladium and potassium 
have been recommended. Equal proportions of the 
salts should be employed, and the deposit allowed to 
take place after the manner of platinum. 

156. Professor Jacobi introduced a very simple form 
of brassing solution, and one which, in the hands of an 
experienced operator, would give very good results. 
Having prepared a concentrated solution of cyanide of 
potassium, a copper anode is to be connected with 
two or three pairs of Smee's batteries, or one large 
Bunseu, and a sheet of zinc attached to the negative 
pole of the battery. These two plates are to be im- 
mersed in the cyanide solution, and galvanic action 
kept up until the solution baa a^c^^ \k^ ^^Q;^s2kss<^ 



208 ELECTRO-METALLURGY. 

amount of copper. This becomes manifest by the zino 
plate eventually becoming coated with this metal. Tho 
copper anode is now to be withdrawn, and a zinc anode 
substituted, the action of the battery being continued 
until the copper coating on the sheet zinc acquires the 
characteristic colour of brass, when the operation is 
complete, and the solution ready for use. The addition 
of cyanide from time to time will be necessary ; and, 
doubtless, the addition of liquid ammonia, for reasons 
before given, would aid in keeping the zinc salt in 
solution. The above solution must be worked with a 
brass anode and vigorous battery power; for small 
articles a single Hansen's battery will be suificient, but 
for larger articles two or more cells woidd be required. 
157* It has been stated that by adding small quan- 
tities of caustic soda or potassa to a solution of sidphate 
of copper for electrotyping purposes, the speed of the 
operation is greatly enhanced. The potassa or soda 
should be added to the solution of sulphate until the 
precipitate formed ceases to become re-dissolved by the 
solution. 

158. By employing very weak solutions of copper or 
zinc from their sulphates, and rendering them neutral 
by means of a small quantity of carbonate of soda or 
potassa, a very tolerable coating of either metal may be 
impart-ed to iron or steel ; but it is always preferable, 
in the first instance, to give a slight coating in an 
alkaline bath, and then to finish in the above solu- 
tions. 

159. Since the deposition of iron upon copper sur- 
faces, Biioh as engraved plates, and the coating of type 

mtib iron, are now things to "be desvt^A.,^^ ex?^«£vniKc^^ 
reader will do well to turn Taia a\tea\.\ftTi m^Qt^c^^^aw^ 
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tion^ as^ doubtless^ mucli will be required in this branch 
of electro-metallurgy in time to come^ and the inven- 
tor's labours^ if successful, it is to be hoped may meet 
with the reward which will be their just due. 

160. Gilt articles of an inferior colour may be im- 
proved by coating them with a substance known as 
" gilders' wax." This article may be readily made by 
adding red ochre, alum, and verdigris, to beeswax in a 
melted state. The compound is to be applied to the 
gilt work by heating the article and then passing the 
wax over it, by which means sufficient will attach itself 
to answer the purpose. The article is then to be placed 
on red-hot charcoal until all the wax is burnt off. It 
is then to be placed in very dilute sulphuric acid, and 
then scratch-brushed. All articles must be well gilt 
before this process is applied. 

161, The proto-nitrate of mercury in solution is 
useful in cases where the deposited metal has a dispo- 
sition to separate, or strip, from the metal coated. This 
dalt may be made by putting a few ounces of mercury 
into a Florence flask, and then adding diluted nitric 
acid — say, 1 part acid to 2 parts water, and apply- 
ing gentle heat ; care must be taken not to have an 
excess of ncid. When the red fumes at first formed 
disappear, the solution should bo set aside, when the 
proto-nitrate will crystallize. The supernatant liquor 
shoidd then be poured off, and the crystals gently dried 
at a moderate heat. The crystals may then be dissolved 
in water, and the solution applied by dipping the 
article for an instant, until it has become thoroughly 
coated with mercury. It ia iorpat^asi^* \xi «:^qAl ^^3^^^ 
with the solution of meTC\iry, aiA. \iCi xy^a^ ^^ ^jccji^s^ 
it once if they have accideuUW:? Xiewsaa Tftss^^^s^^^ 
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with it, and this for two reasons : first, the mercurial 
salt is injurious, and second, if it is allowed to come 
in contact with any gilt surface it will impart a coating 
of mercury to the part affected. 

162. There is always a brisk effervescence in the 
brassing bath when deposition is taking place, owing 
to the intensity of the current required for this pur- 
pose ; and unless this evidence of activity shows itself, 
the probability is that brass of a good colour will not 
be deposited. After the first thin coating is effected it 
is a good plan to remove the article from the bath, and 
if any defects present themselves, from want of proper 
cleaning or otherwise, let the article be well brushed 
with sand as before, and after rinsing, placed in the 
bath until sufficiently coated. Articles which have 
received a stout coating of brass may be " dipped '' in 
the ordinary dipping acid (a mixture of sulphuric acid, 
nitric acid, and water, with occasionally a little nitrate 
of potash), which is t^ be procured ready-made at the 
drysalter's. Electro-brass articles thus dipped may 
then be lacquered in the ordinary way, that is by 
gently warming the article, and then brushing it over 
with a thin coating of gold or brown lacquer, accord- 
ing to taste. In brassing fender and stove work, which 
unfortunately is generally required to be done at a very 
moderate price, the object is to make the article look 
as well as possible with the smallest amount of metaL 
When we consider that fenders are sometimes electro- 
bronzed for two or three shillings each, it is not pos-« 
sible, with the labour required to make them look well, 
to give more than a mere film of deposit. This may 
generally be done in half an^iouT, ox ^^ea^mLaea time, 
if the current is vigorous and t^he eo\\i\AOTLm ^wA ^\ftj5Jt, 
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Xiveii with this trifling deposit, however, such articles 
oan be made to look exceedingly well by the after pro- 
eesses of bronzing and lacquering, when skilfully and 
-tastefully accomplished. 

163. Another preparation for colouring gilt or gold 

articles consists in mixing together nitrate of potash 

5 parts, alum 2 parts, sidphate of iron 1 part, and 

sulphate of zinc 1 part. The ingredients are to be 

yreU mixed, and then water added to form a paste. 

The article to be coloured is to be dipped in the mass, 

then gently shaken to remove superfluous mixture, and 

placed upon a sheet of iron or copper, and heated until 

dry ; the heat is then to be increased for two or three 

minutes, and the article is then to be plunged into cold 

water, and treated as usual to finish. 

164. The substance known as '^ crocus,'' and which 
is so exceedingly useful as a polishing medium for 
steely &c., may be very generally obtained in the 
cinders produced from coal containing iron. It will 
be easily recognised by its rusty colour, and should be 
collected and reduced to a powder for Aiture use. Steel 
burnishers may be brought to a high state of polish 
with this substance^by rubbing them upon a buff made 
of soldiers' belt or hard wood. After this operation, 
the burnisher shoidd be rubbed on a second buff charged 
with jewellers' rouge. 

165. French bronze may be prepared by reducing to 
a powder, hematite 5 parts, and plumbago 8 parts, and 
mixing them into a paste with spirit of wine. Apply 
the composition with a soft brush to the article to be 
bronzed, and set it aside for some houti^* B^ -^^is^s^^ 
with a tolerably hard bruskx, ^^a wcMv^a ^^ ^sassocK^a 

the beautiful appearance of ie«\ \jtoT^^* ^^^^^ ^<s®s52S 
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tint may be regulated by the proportions of the in- ^ 
gredients. i ij. 

166. A very good imitation of the antique bronze 1 1^ 
green may be made by mixing strong vinegar half a ! ]j, 
pint, chloride of ammonium (sal-ammoniac) a quarter j 
of an ounce, liquid ammonia half an ounce, common 
salt a quarter of an ounce. Brush this composition 
over the copper surface, repeating the operation each 
time after it has become dry. 

167* Gold, and other solutions which are worked 
hot, should always have fresh water added to them 
after they have been in use some time, otherwise they 
will be apt to give ununiform results. "When a gold 
solution, for instance, has been heated, say over a lamp, 
for an hour or so, the solution will have become con- 
siderably diminished In/ emporation, and unless this 
loss be made up by adding water^ the solution will be 
stronger than it was at starting, and consequently the 
results will be liable to vary. It is a good plan, there- 
fore, to keep the depth of the solution gauged, so that 
when there is an appreciable diminution of the bath, 
the deficiency may be re-supplied. The small amount of 
solution removed by each article may, of course, be 
allowed for, but evaporation is the great source of 
diminution in the original quantity of the bath. 

168. A very beautiful bronze colour may be im- 
parted to copper articles, such as medals, for instance, 
by boiling them in a solution composed of verdigris 
5 ounces, muriate of ammonia 5 ounces, strong vinegar 
half an ounce. Mix the verdigris and sal-ammoniac by 
pulverising in a mortar, ai^A. \kevi ^^^ ^ ^s^iffifiient 
quantity of the vinegar to ioim a ^^«Xfe. ^^-^ ^$«rr. 
thhiua copper vessel mtli a ipmt o^ N^a\et,«i..^Vs^H$ 
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about half an hour. When cold, stand the mixture 
aside until the sediment has subsided, when the clear 
liquor may be poured off, and bottled until required. 
The articles to be bronzed should be boiled in this 
liquor for ten minutes or longer, taking care that they 
do not come in contact during the operation. 

169. Whenever there is evolution of gas at the 
negative pole during the operations of gilding or 
plating, it is a sure sign either that the battery power 
is too strong, the surface of anode in solution exces- 
sive, or there is too great an excess of cyanide in solu- 
tion. Under either of these conditions the deposit will 
be faidty, and liable to strip. There should be no 
effervescence whatever at the negative electrode if the 
operation is proceeding satisfactorily. 

170. A very pleasing effect may be produced upon 
an electrotype medallion thus : — ^Having well cleaned 
the electrotype by any of the processes given, apply 
varnish, with a' soft brush, to the base or flat surface, 
carefully avoiding the figure; when the varnish has 
become hard, attach a wire to the electrotype, and place 
it in the gold or silver bath for a short time until 
sujfficiently coated. Now remove the varnish and apply 
the solution of chloride of platinum or other bronzing 
material to the copper surface, and thus the figure will 
stand out in relief, either in gold or silver as the case 
may be. By employing the solution mentioned at 
page 44, the figure will appear dead white. A very 
slight coating of thin chloroform varnish will protect 
the silvered surface from oxidation. 

17L When two surfaces of a medal have been 
copied, and it is desired to unite ^em. ^ «A\si T^^ea^^Sss^ 
the original, this may be reaiW'y dLOVi<^ ^s^ ^^3^^i«^'^ 
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strip of copper from a thin sheet, forming this into t 
ring of the size of the medal, and carefoUy soldering it 
to its edge. A good plan is to tin the inner surface of 
the copper ring, as before reconmiended under the head 
of soldering, and by a moderate heat the ring can be 
made to attach itself to the edge of the medal. A 
smooth file and emery cloth, properly applied, will soon 
render the operation complete, and by this means a 
perfect copy of the original medal will be obtained. 

172. Acetic acid, or strong vinegar, verdigris, and 
chloride of anmionium, in varied proportions, will give 
rich bronze tints to copper by boiling the article in a 
solution of the ingredients for a few minutes, the tint 
being regulated by the proportion of chloride of am- 
monium in the composition. Acetate of copper added 
to the mixture will also vary the tone. The articles, 
when removed from the solution, should be well rinsed 
in hot water. 

173' It is very important, when gilding the insidee 
of chased and embossed work, to have all the interstices 
perfectly clean. A little boiling solution of either 
caustic soda, or potash, will accomplish this readily, 
but if a brush is applied to the purpose it must be well 
rinsed after each operation, as the caustic alkali readily 
dissolves the bristles of which the brush is composed. 
After applying the alkaline solution, the article should 
be either scratch-brushed or well scoured with a hard 
brush, silver sand, and soap and water — ^the former 
being preferable. 

174, The colour known as " ormolu *' may be given 
to gilt articles by applying a mixture of alum, hematite, 
salt, and strong vinegar. Tke asAAs^^^ ax^ ^cc^-'^j^ \ss. 
this mixture, and then B\x\>ieci\^aL ^o \i<^\» ^Ko^SL "^^ 
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composition becomes blackened, when they are to be 
placed in cold water, and afterwards brushed with 
vinegar mitil quite free from the colouring medium. 

175. Any small article may be either slightly gilt or 
silvered by simply immersing it in a solution of gold or 
silver, as the case may be, in contact with a piece of 
clean zinc, which promotes electrical action, and forms 
a temporary battery. The coating thus given, though 
not durable, is generally very adherent, especially if the 
deposition takes place slowly. 

176. To obtain a good reguline deposit of either 
gold, silver, or copper, frt>m alkaline solutions, it is 
absolutely necessary that the operation shoidd begin by 
slow degrees. Excess of battery power" in proportion 
to the size of the article to be coated will give a deposit 
which will not adhere to the subjacent metal. Again, 
though the current may be moderate, if the surface of 
anode in solution be excessive, deposition will take place 
too rapidly, and the deposit will not adhere. These 
fects should be borne in mind by the beginner, other- 
wise his results will disappoint him, and nothing is so 
disheartening to the student as failure. Although the 
practical operator knows well how to regulate these 
conditions, those who have had less experience are very 
apt to fall into the errors we have indicated if not duly 
cautioned. 

177. Cyanide should never be added to a gold or 
silver bath until it has been fully proved that tardiness 
of action is not due to the battery. It has been a 
common error with some electro-platers to add cyanide 
from time to time when tto dfi^^Afc \^^ \akss^ ^^§»s^^ 

slowly; whereas, in most msteaxft^, ^ fii5s&sssiGL<sa.\a. 
be power of the current liaa "been ^^ ^-axxa^ o1\»»J^^^ 
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A large excess of cyanide is fatal to the proper work* ^ 
ing of the bath; therefore, before adding this sub- 
stance, the battery and its connections should be well 
examined. 

178. When solution of salt is employed to excite the 
zinc in a battery, it will be necessary to remove the 
zinc occasionally and clean it well with a brush and ] 
silver sand. A little hydrochloric acid will assist 
the operation. Amalgamated plates or bars of zinc 
excited by dilute sidphuric acid will not require this 
attention. 

179. It has been proposed to employ a mixture of 
powdered zinc and plumbago to form a conducting 
medium for gutta-percha, wax, &c., in electrotyping. 
The powdered zinc may be made by melting zinc in a 
crucible or ladle, and when the metal is very hot, 
fragments of sheet iron are to be thrown in and the 
heat kept up for a short time longer. Zinc in this 
state may easily be reduced to powder, when it may be 
intimately mixed with plumbago and used in the ordi- 
nary way. 

180. The fumes of hydrochloric acid or of chloride of 
lime will produce a very good green bronze upon elec- 
trotypes, giving them the appearance of ancient bronze. 
Another very good way to produce this effect is to 
envelope the object, if it be large, in an atmosphere of 
chlorine. This may be done by putting a small quan- 
tity of manganese in a Florence flask, and pouring 
upon it a little hydrochloric acid or sulphuric acid and 
salt. The gas which escapes may readily be conducted 
hy a bent tube, inserted in. a -jexforated cork, to the 

vessel in which the object la -jVaci^* T^^ ^\?Cy^^ 
abould be exposed to the fume^a ioT a ^<$t\. \saaa, ^TiSi 
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then placed in the open airj the process to be repeated 
tintil the desired effect is produced. 

18L Electro-soldering may be effected by causing 
a deposit of copper to take place upon the two surfaces 
to be united. • Thus a ring of copper may be formed by 
taming up a stout piece of copper wire to the required 
shape and size, bringing the ends tolerably close 
together. Varnish or melted wax shoidd then be 
applied to all parts of the ring excepting the extreme 
points that are to be joined: A part of the ring, how- 
ever, shoidd be left free from yamish, to which the con- 
ducting wire of the battery is to be attached. The ring 
is then to be placed in the coppering-bath, and in a 
short time the deposit will completely and effectually 
unite the two ends, forming a perfect ring. Silver 
articles may be electro- soldered in the same way by 
employing a neutral solution of nitrate of silver for 
a bath. 

182. When a soft metal is deposited upon a hard 
metal, or the latter upon a metal softer than itself, the 
exterior metal should be polished and not burnished, 
and for this reason : — ^If silver is deposited upon lead, 
for instance, the great pressure which burnishing 
requires to produce the necessary polish would cause 
the softer metal to expand, and consequently a separa- 
tion of the two metals would result. On the other 
hand, silver being softer than steel, if the burnisher is 
applied to silver-coated steel, the exterior metal will 
expand and separate from the subjacent metal. 

183. When articles have been boiled in caustic alkali 
or " ley," to remove grease, they may be diij^edixL^^T^ 
dilute nitric acid to remove t\ie o^iSl'^ ^\Aj2viL\kaa>^'^:vsss^ 

upon the surface ; but if tlvo^ ax^ ^^ \stw^^ "^^ 
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moistened powdered pumice or Bath brick they may 
be very effectually cleansed without recourse to Ihe add 
solution. 

184, When a bath has been at work some time, the 
uniformity of its condition becomes disturbed; it is 
better, therefore, to move the articles in solution occa- 
sionally by dipping them up and down several times, 
taking care, howeyer, not to disturb any sediment 
which may lie at the bottom of the vesseL The rods to 
which the anodes are attached may also be gently 
moved occasionally with advantage. 

186* When the current employed is too intense, the 
deposited metal will become excessively hard — so mucli 
so that it will be difficult to obtain a good polish by 
means of the bumishing-tools without considerable 
labour. In the early days of electro-plating many of 
the burnishers who entered the author's employ were 
struck with the difference between the work submitted 
to them and that which they had been accustomed to in 
other establishments. It appeared from the statements 
made at that time that in some electro-plating works 
the deposit was so exceedingly hard and ''scratchy," 
that the women whose task it was to burnish it fie- 
quently worked in acute agony. When a good quantity 
is employed, of moderate intensity, the deposit is not 
only better in character, but it is more easily and ! 
successfully burnished. ' 

186. When the gold bath is worked at a lower 

temperature than 130® F., the colour of the deposit is 

apt to be rather pale in colour. The richest colour is 

OflJoubtedly obtained when the solution is rather above 

tbaa below this tempetatxne. It ^^ «»^\iNavsii^V<!s^^^^ 

Am been long ia use, and \xaB a^cv>Mx^ ^ ^^xVooi w^s^sis 
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of organic matter, and, perhaps, a little copper (from 
the positive electrode occasionally dipping into the 
solution when the anode is nearly exhausted), a fair- 
coloured deposit may be obtained below 130? F, 

187. Whenever a gold solution begins to give indif- 
ferent results, more especially as to colour, the best and 
simplest remedy is to evaporate it to dryness. This 
operation always repays for the little trouble and time 
expended upon it, and the dried mass, when redissolved 
in boiling distilled water, with a little additional 
cyanide added, will result in a gold bath which it will 
be a real pleasure to work with. 

188. Articles of tin, lead, pewter, iron, or steel 
should receive a coating of copper in the alkaline bath 
before being either plated, gilt, or nickelled. This does 
not add much to the trouble, but it certainly favours 
the adhesion of the superior metals. 

189* When an article is too large for the bath, and 
it is necessary to do it piecemeal, the greatest care will 
be necessary to obtain a good deposit at the junction 
between the first coating and the underlying metal. If 
the first layer or deposit has not been tolerably thick, 
when the second portion of the article has been im- 
mersed in the solution some time, it will be found that 
at the line near the surface of the solution the deposited 
metal has become dissolved, or as it were cut off. To 
prevent this, it will be necessary to move the article 
frequently while in solution until the union between 
the first and second coating becomes as perfect as 
possible. Even with the greatest care the deposited metal 
is very liable to strip at the junctioiL oi >3cL<ei\7«<^ ^iRRjifess!^. 
190' Jfe^a/lO'CkromeSf as t\iey ax^ \,fe"tTCkfc'^L^ ^i:t^\s««»r 
tiful ooloi'ationB obtained by meaoE ol ^^"WO^^^ ^*^ 
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plates of polished steel. The method of procedure is 
the following : — Make a saturated solution of acetate of 
lead (sugar of lead)^ and filter until perfectly clear. 
Next lay a plate of highly-polished steel in a shallow 
▼essel^ and pour the above solution upon it. The wire 
proceeding from the copper element of a compomid 
battery of five or six pairs is then to be put in contact 
with this steel plate. If^ now^ the wire issuing from 
the zinc of the battery be held a short distance above 
the centre of the steel plate a very remarkable and 
beautiful efiect will be produced^ in the form of a series 
of coloured rings of great brilliancy. After a few 
moments these rings of varied colour will increase until 
the plate is covered. If a piece of copper^ cut in the 
form of a star^ a diamond^ or any other shape, is 
attached to the end of the wire, the colorations will 
assume upon the steel plate a corresponding shape ; and 
if a piece of card is intercepted between the wire and 
the steel plate, the colorations will take place beyond 
the point screened by the card. As it is rather difficult 
to hold, for any length of time, the copper wire with 
sufficient steadiness to obtain good results, the wire 
may be passed through a perforated card, and this 
allowed to rest across the vessel in which the operation 
is performed. The colours produced by this beautiful 
process resemble those obtained by the prism, but as 
they do not adhere closely to the metal plate, the latter 
should be carefully washed in boiling distilled water, 
and when dry the plate may be varnished with any 
good white spirit varnish. The colouration of metals 
hy electricity was first discoyer^fli Vj "Dx* "Pxve&tley^ but 
it was Nohili who first obtamefli eoV.ovrc^ ^<K^^Jys^ \£^^ 
metallic surfaces as described sAywe. 
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19L Woodcuts may be coated with plumbago and 
tben copied in electrotype. The reverse thus obtained 
may in its turn be slightly oiled, and then placed in the 
bath to receive a deposit which will be as sharp as the 
original, and the same copper mould may be employed 
again and again for the same purpose. 

192. Intaglios, or moulds, may be obtained from 
medals, coins, &c., by pressing them upon tin-foil, 
which will readily receive the required deposit of 
copper. To give additional strength to the foil, melted 
wax, sealing wax, or stearine may be employed. 

193. Sheet or bar iron may be employed in place of 
zinc as a positive element for a constant battery, but 
the acid solution employed to excite it should be weak 

194. For the convenience of jewellers, watchmakers, 
and amateurs living at a distance from large towns, the 
author has designed an electro-metallurgical cabinet 
containing everything that will be necessary to enable 
its possessor to carry on the operations of electro-plating 
and gilding practically ; and as the arrangement of the 
cabinet has been made with considerable care, so that it 
should be serviceable not only as a means of studying 
these beautiful arts, but also as a source of profit to 
those who desire to use it for such purposes, it is to be 
hoped that it will meet the wishes of those for whom it 
was projected. The manufacture of this cabinet has 
been entrusted to Messrs. How & Co., of 73, Farring- 
don Street, London, the successors to the late eminent 
firm of George Knight and Sons. 

195. Nickel may be deposited upon copper for ex- 
perimental purposes from a so\a\,\OTv <ii SJye. ^2^^t>^^'\s^ 

placing a piece of clean zinc in con\»jc,\» V'^fi^ *Sc^^ ^^ssg^^^ 
while in solution. The Bolution ^wX.^'Vfc^^^^^*^^* ^ 
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bolt^ iron^ and other metals may also be deposited in 
a similar way^ the strip of zinc performing the office of 
a battery. 

196. The ** single cell ** arrangement will be found 
very useful for obtaining deposits of the various metals 
from their respective solutions, when the object of the 
manipulator is merely to give a slight coating as an 
illustrative experiment ; and in this case a very small 
porous cell; supplied with a small bar of zinc with 
copper wire attached, will be quite suflBcient to coat 
small articles with any given metal. When the same 
apparatus is employed to deposit several different metals 
from their solutions, the porous cell, &c., should be 
thoroughly well cleaned after each solution has been 
used. The student may obtain a very interesting col- 
lection of electro-deposited metals by coating small 
pieces of sheet copper with the various metals, and 
arranging them in a cabinet, duly labelled. The strip 
of zinc suggested in the foregoing paragraph, and a 
very small quantity of solution, will be all that is re- 
quired to coat a small piece of copper with almost any 
metal. A series of small coins, copied in electrotype 
and then each coated with a different metal, would form 
a very interesting collection. 

197. It is very important that the divisions in the 
commutator of the dynamo-electric machine should be 
kept clear, that is, free from the small particles of 
copper produced by friction of the brushes, &c. This 
is easily effected by passing a piece of card through 
each groove, at least once a day, when the machine is 
in use. 

198. All things bemg eqvx^X, ^Jaa dii^T^^\.^Y%t\<i tint 
of brass should present itseii u^tl ^^ w^W,^ <i\ *^^ 
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work almost immodiatcly after immersion in the bath. 
If this be the case^ the action may be allowed to con- 
tinue for a few minutes, or until a perfect film is ob- 
i^ined, when the energy of the operation may be some- 
what diminished by raising the anode out of the bath a 
few inches, so as to expose a smaller surface (in solu- 
tion) to the article to be plated. 

199. When it is necessary to deposit a stout coating 
of silver upon the work, it is better to have the solution 
rich in metal, from two to four ounces of silver being 
sometimes employed to each gallon of solution. When 
the dynamo-electric machine, msW of ordinary battery 
power is adopted for depositing silver in large quanti- 
ties, the solution should have at least two ounces of 
silver per gallon. 

200* The colour or tone required for cast-iron work 
which has to be ^^ bronzed " after electro-brassing, de- 
pends much upon taste. In some cases the high lights 
are required to exhibit a yellow or brass-like appearance ; 
in other cases a warmer tone, approximating a copper 
tint is preferred. To meet both these requirements, it 
is only necessary in the latter instance to employ an 
excess of copper in the bath — ^for example, equal parts 
of zinc and copper for a warm tone, instead of the 
usual two parts of zinc to one of copper to form yellow 
brass. Much of this detail will depend upon the 
judgment of the operator, who may vary the character 
of his deposit by modifying the proportions of the two 
metals (zinc and copper) at will. But it must be borne 
in mind that in employing the bronzing powders (see 
page 38, &c.,) it will be necessary to suit the colour 
of the powder to the tone oi ^<& ftjK-^s^^. ^<st 
example, a warm chocolate ten.© 'wqvjXSl Tka\» "^ ^SS^"^ 
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priate for a yellow brass deposit^ nor would a green 
bronze tint suit the red copper coloured deposit. There 
are so many examples of bronzes to be seen in our 
museums and curiosity shops^ that the student will do 
well to examine some of these before devoting 
himself to the art of producing artificial bronzes. 
201. A convenient support for spoons and 
forks; and other articles^ consists of a copper wire 
bent to the form represented in the woodcut. 
Before bending the hook at top^ a piece of glass 
tubing is slipped over the wire — ^the object of 
which is to prevent the deposit of silver or other 
metal upon this part of the wire. Vulcanised india- 
rubber tubing will answer the same purpose^ and is less 
liable to fracture. 

202. The subjoined woodcut represents a useful 
contrivance for suspending certain small articles^ such 
as umbrella-mounts, ferrules, &c., in solution. It may 
be very readily constructed thus: — ^Take copper-wire 
about |th of an inch in thickness. Cut one length for 
the upright support, about 18 or 20 inches. Next cut 
six or eight shorter lengths, for the horizontal wires : 
each of these shorter wires should be bent at tbe ends, 
as in the woodcut. Now fasten, by means of a wire or 
by soldering, the lower cross-bar or wire to one end of 
the perpendicular wire, and slip over it a piece of glass 
kbing or vulcanised india-rubber tube, about three 
inches in length. The next cross-bar is then to be 
attached as before, and a second piece of tubing placed 
above it ; the other horizontal wires being attached, 
with alternations of tubing between each, until the re- 
qnired number have \)een -pla^^ m -^o^^^kra.. When 
the upper or last piece oi tu\>o \ia^ ^i^^ ^^^^ w^ 
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the \ertical wire, its upper end is to be bent into the 
form of a hook. The ends of each of the cross-wires 
are next to be covered with a short piece of india- 
rubber tubing, to protect them from receiving the de- 
posited metal. When properly constructed, this con- 
trivance will support from one to two gross of um- 
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brella mounts. The advantage of protecting those 
parts of the wire which are not connected with the 
articles in solution will be at once recognised. 

203. The Americans employ a plumbago-brushing 
machine in electrotyping, by means of which they are 
enabled to give the required conducting surface to wax 
with perfect amiformity. It is well known that the art 
of electrotyping is carried on more successfully in the 
United States than in any other OiOvjjiXjt^ , ^si^ *^s£^ Ss. 
doubtiesB owing to the em-plo^mfeXL^i oi ft:5\isss^^^^s^- 
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tricity and the machine for coating the moulds witli 
plumbago. It is said that ** pin-holes *' are compara- 
tively rare in establishments where this latter machine 
is employed. There is, we belieYe, but one of these 
plumbagoing machines in this country — which is in 
the possession of a London firm. 

204. It is very important that articles which have 
been nickel-plated should be kept free from damp, 
otherwise the polished surface soon becomes dulL The 
simple plan of wiping the articles each day with a dry 
cloth will keep them from being affected by moisture. 
If this be neglected, the handsomest specimens of work 
soon become unsightly. Mullers, sausage-warmers, 
and other articles which are constantly kept hot from 
day to day, never assume the dullness peculiar to 
nickel which has been suffered to remain coated with 
moisture. A nickel-plated and polished surface appears 
to have a great affinity for moisture. 

205. Certain vegetable substances have a peculiar 
effect upon nickel-plated work. Beer, mustard, cabbage- 
water, tea, and many other vegetable infusions produce 
a dark stain, which is not easily removed. All nickeled 
articles, therefore, which have come in contact with 
such substances should be at once washed in hot water, 
dried, and put aside in a dry place. 

206. Nickel-platers should be very carefcd not to 
allow the lime used ia finishing the work to be exposed 
to the air, otherwise it will soon become unfit for use ; 
and since this important article (which is generally 
obtained from Sheffield) is not very readily obtainable 
during the winter months, when it is often most re- 
quired, it ia a good plan to teep a s»\««:Ss. ol fe^^ lixofi 

iermetioally sealed until requiteaL. TSot ^C^ocia y^^s^^^^^^ 
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olivc-jars will be found very serviceable, since they are 
not only capacious and cheap, but from their form they 
are very readily kept securely covered either by a large 
bung or by a piece of softened parchment or bladder. 
Thin sheet gutta-percha may also be used with advan* 
tage for this purpose. Each time that the jar has been 
opened it should be well and securely closed again, for 
if the air is allowed to come in contact with the lime 
it will render it useless for finishing nickel-plated work. 
207. In working DanielPs batteries, it will some- 
times be found that a deposit of copper will take place 
upon the zinc element. This is due to endosmic action 
—that is, the passing of the solution in the outer cell 
to the interior of the porous cell. By its superior 
gravity the solution yt sidphate of copper is enabled to 
force its way, so to speak, through the pores of the 
latter, and as a matter of course the zinc readily re- 
duces the copper to the metallic state. When this 
occurs the battery ceases to act. The zinc bar must be 
thoroughly freed from any copper deposit which attaches 
to it, and should be re-amalgamat'Cd. The porous cell 
must then be well washed with hot water, and examined. 
It is not imlikely that a crystallization of metallic 
copper will be found to have taken place at the bottom 
of the porous cell, in which case the cell must be dis- 
carded. Exosmic action^ or the passing of the solution 
from the porous cell to the outer vessel, will sometimes 
cause a deposit of zinc upon the interior of the copper 
cylinder, and thus the battery will cease to perform its 
function. To prevent these annoying and irregular 
actions of the battery the solutions should be frequently 
renewed; and on no account ^oviXii ^"Sk ix^^^S^actSife^ 
allowed to touch the bottom oi liiift -^xqwa ^a2^* 
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208. Messrs. Prime and Sons^ of Birmingham^ have 
a most ingenious contriyanoe for keeping articles in 
motion while deposition is going on in the silver batli. 
By a simple arrangement^ the suspending rods slowly 
advance and retire between the anodes^ to the extent of 
a few inches^ whereby a perfectly uniform coating of 
silver is obtained. The author was much struck with 
the extreme beauty and uniformity of deposit upon 
spoon and fork work^ by means of the dynamo-electric 
machine, which he was enabled to witness through the 
courtesy of this distinguished and well-known firm. 

209. When a small spot in some nickeled article 
has been "cut through/' or rendered bare, in the 
process of finishing, it is sometimes the practice to 
apply the " doctor," as it is termed, whereby a slight 
coating may be deposited upon the spot, and thus the 
necessity of replating the whole article is avoided. 
This may bo done as follows : — ^Take a strip of stout 
copper wire about 12 inches long and bend into the 
form of a hook at each end. Now attach a small piece 
of plate nickel, say about 1^ inch square, to one end of 
the wire, and cover it with several folds of rag or 
chamois leather. Connect the upper end or hook of 
the "doctor" to the anode, dip the rag end in the 
nickel solution, and apply to the spot to be coated : the 
article itself must be placed in contact with the negative 
pole to complete the circuit. By repeatedly dipping 
the rag in the nickel-bath and applying as before, suflS- 
cient metal may be deposited in a short time to enable 
the finisher to apply the " dolly," and thus render the 
offending spot as bright as the remainder of 4he article. 

2IO9 Adding common aslYt to ii\sSs5^ ^Vq^^v^yls has 
long been a favourite custom V\t\i t\ift "^x^ti^tj^^^- 
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platers, and we know that this addition has been sue- 
cessfully adopted by several firms in London. The 
primary object in adding common salt to a nickel bath 
is to increase its conductivity, for it is well known that 
a nickel solation, pure and simple, is a very poor con- 
ductor of electricity as compared with solutions of most 
other metals. That common salt may be added with 
advantage to nickel solutions has been well tested and 
proved by M. Desmur, who, in a communication to the 
author in June, 1880, makes the following interesting 
statement :— 

^* Augmentation of the Conductivity of Nickel Baths.'^ 
The resistance of nickel baths as they are usually 
prepared, i.e. by dissolving double sulphate of nickel 
and ammonia in water, is very great. I would advise 
persons engaged in the trade to introduce into their 
baths ten per cent, of chloride of sodium (common 
salt). I have observed, by means of a rheostat, 
that the addition of this salt augments the con- 
ductivity by thirty per cent., and that the deposit 
is much whiter, and obtained under better condi- 
tions. The diminution of resistance is in propor- 
tion to the quantity of chloride of sodium added, for 
the conducting power of a solution of this salt increases 
with its degree of concentration up to the point of 
saturation. I mention this fact because it is not the 
case with all saline solutions. For example, saturated 
solutions of nitrate of copper or sulphate of zinc have 
the same conductive power as more diluted solutions, 
because the conductibility of these solutions increases as 
the degree of concentration reaches its maximum, and 
diminishes as the concentxatioii me;t^%ai^«^ 
M. Desmur also favour ©i t\ie a\x\JtLat ^^ *^^ '^^^^ 
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ing formula for coating small articles^ whicli may be 
well worth the attention of practical platers : — 

*' For small articles which cannot be polished^ and 
especially for thin struck articles^ I would recommend 
the following bath : — 

Double sulphate of nickel and ammonia . 7 kilogrammes. 

Bicarbonate of soda 800 grammes. 

Water 100 Utres. 

" The bicarbonate of soda must be added when the 
nickel solution is warm^ in small quantities at a time, 
otherwise the effervescence which occurs may cause 
the solution to overflow. The bath is to be worked up 
to nearly boiling point. If after working for some 
time the deposit becomes of a darkish colour^ add a 
small lump (about the size of a nut) of sulphide of 
sodium, which will remedy it. 

" Of all the solutions of nickel which I have tried, 
this has, without doubt, given me the best results both 
as to quickness in working and whiteness of deposit, 
which is equal to that of silver. Nickel deposited from 
this solution can be burnished. 

" If the nature of the articles to be nickeled will not 
allow them to be either polished or burnished, they may 
be rendered bright by first dipping them in nitric acid 
and afterwards passing them rapidly through a mixture 
composed of old nitric acid dip (already saturated with 
copper), sulphuric acid, greasy calcinated soot, and 
common salt.'' 

We would recommend nickel-platers desirous of 
trying the addition of common salt to their baths, to 
practise upon one gallon of solution at first, adding the 
salt in moderate quantitieB a\. a time. 
811. The following formula iox a «J^^^t «!^^i.>C^s«^ 
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which will yield a thoroughly adhesive coating of silver 
upon German silver, copper, or brass, without the aid 
of the mercury dip, will be useful to those who, like 
the author, have a dislike to the employment of mer- 
cury in the preparation of work for plating. One 
ounce of fine silver dissolved and crystallized in the 
usual way. Dissolve the crystals in about three pints 
of distilled water, precipitate with a solution of iodide 
o/potassiunif made by dissolving about 1^ ounce of the 
iodide in half a pint of distilled water. Add this solu- 
tion gradually to the nitrate solution, when a yellow 
precipitate of iodide of silver will be formed. Test the 
clear liquor repeatedly, so as to avoid adding an excess 
of the iodide, which would redissolve the precipitate. 
Wash the precipitate thoroughly by repeated applica- 
tions of distilled water. To dissolve the iodide of 
silver pour into the vessel gradually and with constant 
stirring a solution of cyanide of potassium (say about 
4 ounces to a pint of water). When the iodide is 
quite dissolved, add a slight excess of cyanide solution, 
and set the solution aside for twenty-four hours, when 
the clear liquid may be poured into the plating bath 
and the latter portion filtered, so as to free it from any 
sediment which may be present from impurities in the 
cyanide. Water is now to be added to make up one 
gallon of solution for each ounce of fine silver dissolved, 
and the solution should be set aside for several days 
before using it. To prepare the work for plating the 
method we have followed successfully is this : immerse 
the articles for a few minutes in a hot solution of caustic 
potash or soda, and then rinse in water. Scour each 
article well with a three, toux, ox ^^^-x^s^^^sc^^^ 
(according to its size and skape^ wA &£i^ -^-^-^^^^^ 
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and sifted pumice, or still better, bath brick reduced 
to a powder and sifted. The latter will be found a 
very suitable material for this purpose, since it does not 
cut so severely as the pumice, while at the same time 
it produces a surface very favourable alike to the 
reception and adhesion of the silver deposit. When 
scouring the work the hands mmt be clean, that is, 
^'chemically clean.^^ A good plan at starting is to 
put a little dry pumice in the palm of one hand, and 
then rub the two hands together, which will prevent 
them from coming in direct contact with the work. 
The hands being thus prepared may handle the work 
more freely, without fear of conveying greasy matter 
to the articles. In scouring the articles, dip the brush 
in water, shake off the superfluity, then dip in the 
pumice, and brush briskly over the surface, taking care 
not to have the brush too wet, which wastes the pumice 
and prevents it from doing its work properly ; the 
powder should be damp, but not drenched with water. 
Lastly, having brushed the article well all over, give it 
a final quick brushing over the entire surface, rinse it 
quickly in water and place it in the plating bath im- 
mediately/. In the case of small articles, such as spoons 
and forks, the slinging wire should be attached as each 
article is cleaned, and these may be placed in a pail of 
clean water (entirely covered) for a few moments, imtil 
about a dozen or so are cleaned, when they are to be 
placed in the bath with as little delay as possible. 

The above solution may be used as a substitute for 
" quicking," if preferred, by giving the articles, pre- 
pared as above, a preliminary coating in the iodide 
batby and then tranBfeiTrng AJcLero. Y^oTXi^^;3^ t^ oily 
other ordinary silver \>atlDL. ^\\^«t ^q\>xN:\qx^^t^^^s^ 
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according to tlie above formula have been worked for a 
period of about thirty years with perfect satisfaction. 

212. Nickel polishing and finishing are accom- 
plished much in the same way as ordinary brass 
finishing. Since it is probable^ however, that some 
readers may be unacquainted with this process, the 
following details may prove acceptable. The operation 
is conducted at a lathe similar to that represented in 




Polishing Lathe. 

the engraving, which consists mainly of a revolving 
spindle secured to a strong bench ; in the centre of the 
spindle are a fast and loose pulley, which are con- 
nected by a belt to shafting set in motion by steam 
power. Each end of the spindle (which tapers to a 
point) is screwed, so that certain discs of wood covered 
with leather, called " bobs," ma-j \i^ ^o-\^^^\fc^ ^"^ ^^-^ 
moved from time to time aa Tec^Sxeai. ""S^as^ -sas^^^c^^ 
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employed in nickel polishing is fresh lime obtained 
from the neighbourhood of Sheffield^ and is well known 
in the trade as '' Sheffield lime.'' The following extract 
from the author's ^* Mechanical Industries Explained" 
will show how nickel polishing is carried out prac- 
tically : — 

*' The lime is selected from the kilns by persons who 
know the requirements of the trade, and is sent in 
casks or barrels to the London polishers, who preserve 
it from contact with the air by keeping it in olive jars 
or large tin chests carefully covered up. When re- 
quired for use, a few lumps are removed from the jar ; 
these are first scraped to remove coarse impurities bom 
the surface, after which they are broken in small 
pieces, and these are afterwards pulverized in an iron 
mortar. The powder is next passed through a fine 
hair sieve or muslin, when it is ready for use. Only 
sufficient lime is thus treated for immediate working, 
as it loses its cutting properties by exposure to the air. 

" In lime finishing the operation is conducted by a 
superior workman, and much of the beauty of the work 
depends upon the care and skill with which this is per- 
formed. The lime is applied, with a little oil, to the 
bobs ; and being worked over and over again during 
the operation, it becomes impregnated with the par- 
ticles of metal which it has removed from the work, 
and this increases its polishing power. It may be well 
to state here that it is not the polishing medium, 
whether it be lime, rouge, or other substance, which 
gives the brilliancy to a metal surface ; it is the metal 
tchich becomes removed from the surface of the work 
which actually effects t1[io ot^eci^.. 

' Alter having gone ovet ^^ ^oitV ^^t^ ^\Kt^5?l\Sic\ 
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and examined it, the finisher removes the lime-bob 
from the spindle and fixes a * dolly ' in its place. The 
dolly for this purpose is made of many layers of un- 
bleached calico, cut into a circular form^ and braced 
together by discs of leather or metal secured by rivets. 
A hole is made in the centre to admit the point of 
the spindle. Dry lime is used with the dolly, and the 
combined efiects of this and the frayed edges of the 
cloth produce an exceedingly fine surface upon the 
work.'* 

213. De-gilding (as we may term it), or stripping 
gilt articles, may be done by attaching the article to 
the positive pole of a battery and immersing it in a 
solution composed of 1 lb. cyanide dissolved in about 
1 gallon of water. De-silvering may be effected in the 
same way. 

214, "Stopping off" is a process which is applied 
to certain parts of a silver or plated article when other 
ornamental parts or surfaces are to be gilt. Almost 
any good hard varnish would answer this purpose if 
cold cyanide solutions were used ; but as gilding solu- 
tions are invariably worked hot, it is necessary to blend 
certain materials together which will resist to a con- 
siderable extent the action of cyanide. Good copal 
varnish mixed with jewellers* rouge may be used for 
this purpose, but the varnish must be thoroughly dry 
before placing the article in the bath. The following 
composition has also been recommended: — Yellow 
rosin, 10 parts; beeswax, 6 parts; red sealing-wax, 
4 parts; jewellers' rouge, 3 parts. The ingredients 
must be well incorporated together by heat, with gentle 
stirring. 

216. Plating baths for &ma\!L o^^t^NK^-mt— ^»^ ^s^ ^*^ 
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ten or twelve gallons — may consist of ordinary " stone- 
ware/' long oval vessels being well suited to the pur- 
pose. Tanks for large operations may be composed of 
slate, put together with iron bolts, the joints being 
secured from leakage by means of india-rubber. 

216. A mercury dip, for ^^ quicking/^ as it is termed, 
may be readily made thus : — ^Dissolve one ounce of 
quicksilver in nitric acid diluted with about three parts 
of distilled water, taking care to have an excess of 
mercury. Now add about one gallon of distilled water 
acidulated with about two ounces of sulphuric acid. 
Another and better solution for this purpose, is made 
from the cyanide of mercury. Dissolve an ounce of 
mercury as before, and dilute the nitrate with about one 
quart of water. Add to this, gradually, a solution of 
cyanide of potassium, until no further precipitation 
occurs. Now pour oflf the clear liquor and filter the 
precipitate, which should be washed in the filter by 
adding fresh water when it has drained thoroughly. 
The precipitate is then to be placed in a glass or stone- 
ware vessel, and a strong solution of cyanide added to 
it until it is dissolved, a moderate excess of cyanide 
being used. Water is then to be added to make up 
one gallon. 

In using the mercury dip, the articles should first be 

slung on copper wire and then plunged for a short 

time in a hot potash solution, then well rinsed and 

put into the " quicking bath.*' After a few moments 

, the surface of the metal (copper, brass, or German 

silver) will assume the bright lustre of quicksilver. 

When, however, the solution is too strong, or after it 

iaa become exhausted by long u^^>>i}si^«T^Aj^^^^^come 

out of the bath of a dark, ot ixfe^iVy >^^^ ^s^^^a. 
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When remoTed from tlie mercury batli^ the articles are 
to be well rinsed and placed at once in the gilding or 
silvering bath, as the case may be. Since the object of 
*'quicking" is to assist the adhesion of gold or silver 
to the underlying metal, the operation must be con- 
ducted with care, and with no more mercury than is 
sufficient to make the articles white and of a bright 
appearance like quicksilver. 

217t In nickeling small articles, such as dental 
forceps, &o., by the dynamo-machine, they should not 
be kept in the bath longer than from an hour to an 
hour and a half ; when battery power is used about 
twice this time will be necessary. Brass and copper 
articles may, as a rule, be allowed to remain in the 
bath about twice the length of time required for steel 
articles. 

Large brass and copper articles, as mullers, for 
example, must be literally surrounded by anodes, 
otherwise they will not receive a uniform coating of 
nickel. The best plan is to place rows of anodes at a 
short distance from the work, on either side, and then 
to place two short brass rods across the positive con- 
ducting rods, at the same time insulating them from 
the negative rod by pieces of wood, or small pieces of 
vulcanised india-rubber tubing slipped over the short 
rods. 

218. To make up a nickel bath, dissolve the crystals 
of double sulphate of nickel and ammonia in hot water. 
This may best be done by pouring upon the crystals, 
which may be placed in a clean and new bucket, a 
quantity of boiling water. Now stir well with a piece 
of wood. In a few minutes tl[i^'waietVfiCt:^wii^\k^^^^ai«^^ 
saturated, when the solution ^\io\A!i\i^S^^»^^^^*^s>i!sJ^'^^ 
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plating tank. To do this, it is a good plan to place 
a strainer (made by stretching a piece of stout calico 
over a wooden {rame), across two of the suspending 
rods^ and filter the solution direct into the bath. Fresh 
water should then be poured on to the undissolyed 
crystals until the entire quantity is dissolved, when 
water must be added to make up the full quantity of 
bath. For a fifty-gallon bath about 40 pounds of puie 
nickel salts should be used, and when the solution has 
attained the temperature of 60^ Fahr. the hydrometer 
should be floated in the solution, when, if it marks 
1,050 (water being 1,000), it is the proper strength for 
working. If below this, more crystals of the double 
salts must be diEusolved in a portion of the nickel solu- 
tion and this well stirred in. Although nickel salts 
vary in the proportion of metal contained in them, if 
purchased at a respectable house the proportion given 
will be found to make up a very good bath. When 
the solution is complete, a strip of blue litmus paper 
should be dipped into it, when, if it turns red, a few 
ounces of liquid ammonia must be added, with brisk 
stirring, and the solution tested again. The solution 
should be as nearly neutral as possible, but a trifling 
excess of ammonia will do no harm. * In working 
nickel solutions, it is sometimes usual to stir them well 
each evening ; some platers are satisfied by doing this 
once a week. 

219. In nickeling small work, as screws, for example^ 

they should not be put into the bath alone, otherwise 

they wiU " burn,'' as it is termed, and thus give the 

plater some trouble. It is better to suspend such 

articles between work oi a \a;t%et ^'i, ^^Tsvotimes 

sorewB have been placed in a gaazfirwx^ Xxwj \sst ^a^ 
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venience of plating thcm^ but it is far better to sling 
these articles upon a thin wire, and the little trouble 
this involves is more than counterbalanced by the uni- 
form character of deposit which they will receive in 
the bath. 

220, Roseleur recommends the following formula 
for depositing platinum to any required degree of 
thickness : — 

Metallic platinum 10 parts. 

This is to be converted into chloride (see 
page 84). 

Distilled water 500 „ 

Dissolve and filter phosphate of ammonia 

(crystallized) 100 „ 

Distilled water 600 „ 

Add this, with constant stirring, to the platinum 
solution, when a copious -precipitate will be formed. 
Now add, stirring well, a solution previously made, 
consisting of 

Phosphate of soda • • • 500 parts. 
Distilled water . . • • 1000 „ 

The above mixture is to be boiled until the smell of 
ammonia ceases to be apparent, and the solution, at 
first alkaline, reddens blue litmus paper. The solu- 
tion is at first yellow, but afterwards becomes colourless, 
when, after filtering, it is ready for use. This solution 
must not be used for depositing upon zinc and lead, 
because they become platinised in it without the aid 
of the battery. It is recommended specially for 
coating copper and its alloys (as German silver, for 
example). The solution is worked hot, with vigorous 
battery; but since a platmxmi ^tlo^^ ^ovJiA. ^CkRjv. >5f^ 
dissolved by the solution, t\kfi o^^a^e^ssvi^ ^^Sij^^'^ ^ 
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a strong solutioii of chloride of platinum will be 
necessary. 

In working alkaline solutions of platinum, which do 
not cUssolye the anode, it will be found more economical 
(as saying the cost of the platinum) to employ anodes 
of carbon, which will answer the purpose Mly as well 

Boettger recommends a solution composed of a mix- 
ture of chloride of platinum and chloride of ammonium, 
with the addition of a few drops of a solution of 
ammonia. The solution, which is made very weak, is 
used at a boiling temperature. 

For depositing platinum upon a practical scale the 
arrangement suggested for keeping up the strength of 
tinning baths (page 241) may prove useful. A n ordinary 
glass funnel, with its aperture partially closed by a 
wooden peg, may be filled with concentrated platinum 
solution, which, dripping from the funnel into the 
platinum bath, will keep up the strength of the solution 
while the process of deposition is taking place. The 
funnel may be supported by a retort stand placed close 
to the depositing trough, the tube of the funnel being 
allowed to nearly touch the solution. 

221. Tinning Solutions. — The electro-deposition of 
tin has during the past few years gradually assumed a 
position of some importance, and indeed it seems likely 
to become a valuable branch of the electro-depositor's 
art when the public have been brought to recognise 
electro-tinned articles with favour. 

The fact that the solvents of tin salts act bat 

sparingly upon anodes of metallic tin has always been 

a serious drawback in depositing this metal by the 

battery or electric-genexatoT, T\i\^\ievxi^^i3cife ^sajaa it is 

evident that a tinning Bo\\xt\oTi> «i\«t\^^\\i^^^\^^\^^ 
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10 time, would become poorer in metal than when 
t made up. To overcome thta it ie necessary to 
. to the bath frequently, when it has been much 
d, a concentrated solution of tin aalt. We would 
geat the following method of keeping the bath in a 
form condition to those who are engaged in depo- 
in of tin npon a large scale : — Arrange above the 
>ositing tank a stone jar, as in the engraving, with a 




; to this attach a glass or vulcanised india-rubber 
e, reaching nearly to the surface of the solution. 
i this jar be nearly filled with a concentrated solu- 
1 of the tin salt employed (made by disBoIving the 
; and its solvent in a portion of the main solution^ 
len the bath ia being woik6ft,\e\, 'iXv&VM^Nw.'ww™^ 
btly, BO that the conoentraAei aoVi.'CvQTi.mwi ^^"^ "^"*^ 
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flow into the depositing bath. When the stone jar 
becomes empty, or nearly so, a fresh concentrated 
solution should be made with the liquor of the batb, 
and the proper proportions of the tin salt and its solvent 
(caustic soda, &c.). By this method several advantages 
would be gained. 1. By using the weakened bath each 
time to make the concentrated solution there would be 
but a trifling addition to the quantity of the bath, 
which would not be the case if its strength were renewed 
by putting additional quantities of strong solution. 
2. By allowing a concentrated solution of this salt 
continually to drip or flow into the bath while deposi- 
tion is taking place there will be no necessity to disturb 
the bath by stirring in a large quantity of strong 
solution. If the top of the tinning solution be occa- 
sionally stirred gently with a flat wooden spatula there 
is little doubt that a very fair degree of uniformity 
could be kept up without disturbing the low £>/ portion 
of the solution and any sediment which may have 
accumulated at the bottom of the vat. 

There are many kinds of tinning solutions now being 
worked upon a more or less extensive scale. Mr. Feam, 
of Birmingham, patented several solutions, from which 
we select the following : — 

A nearly neutral solution of chloride of tin is pre- 
pared, containing three ounces of metallic tin per 
gallon. Next dissolve in twenty gallons of water — 

Cyanide 1 qa iv„ 

Caustic potash . , . . J 30. ids. 

and in sixty gallons of water dissolve 

Pyrophosphate oi so^ . , 30 lbs. 

Two iundred fluid ouncea oi ^\i^ ^^3l ^\>Svss^ «xfe V^ 
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gradually poured into the potash solution, and well 
stirred in. A precipitate at first forms, which subse- 
quently becomes redissolved. The cyanide solution is 
now to be added, and finally the solution of pyrophos- 
phate of soda. The whole must be well stirred, and 
the solution then set aside to repose for a few hours. 
Roseleur makes up a solution composed of — 

Chloride of tin (fused) ... 5 parts. 

Pyrophosphate of soda or potash . 50 ,, 

Water 6000 „ 

The chloride is to be dissolved in a portion of the 
water, and the pyrophosphate in the remainder. The 
chloride solution is then to be poured into the latter 
solution with brisk stirring until the mixture, at first 
cloudy, becomes bright and clear. In working this 
solution a largo surface of tin anode is employed, and a 
powerful current of electricity. The addition of equal 
parts, by weight, of the tin s^lt and pyrophosphate 
must be added from time to time to keep up the 
strength of the bath. 

222. To those who desire to make up a brassing 
solution, wo would recommend the following direct 
method as being more simple, and, we believe, more 
trustworthy than some other formulaB which are adopted. 
For each gallon of solution take, say, two ounces of 
sheet brass of the best quality, cut it into strips and 
place them in a porcelain capsule or stone jar. Now 
pour in about four ounces of commercial nitric acid, to 
which a little water may be added. Allow the chemical 
action to proceed in a cool place until the red fumes 
cease to be given ofi*, when gentle heat \xi^.'^ \i^ wg^^^. 
When chemical action lias entix^^ ^^\\sfc^^ ^^^'5c^ *^^ 
solution, and add a small quantity ol ^^\^'^^ ^^ '^^^'' 
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dissolved metal^ taking care not to use an excess oi 
acid. It is preferable to put aside the small quantity 
of undissolved brass than to have acid in excess. The 
solution of brass is next to be placed in a tolerably 
large vessel and diluted with about two quarts of cold 
water. Now dissolve half a pound of carbonate of 
potash ("salt of tartar") in about three half pints of 
water, and add this gradually to the solution with gentU 
stirring. Upon adding the carbonated alkali effer- 
vescence will take place, therefore its addition must be 
cautiously made, to ^low the carbonic acid to escape, 
otherwise the mixture will overflow, carrying much of 
the precipitate with it. This precaution is specially 
necessary when the precipitation is near completion. 

A light bluish-green precipitate is formed, which must 
be allowed to subside, when the supernatant liquor 
may be poured off and fresh water added repeatedly 
to wash the precipitate. Strong liquid ammonia (sp. 
gr. -880°) is now to be poured on to the precipitate 
gradually, and with constant stirring, imtil it is re- 
dissolved, when a dark blue solution will result. To 
this must now be added strong solution of good cyanide 
of potassium until the blue colour entirely disappears, 
and beyond this about four to six ounces of free cyanide 
must be added. The solution must next be made up 
to one gallon by the addition of water. It may be 
worked either hot or cold, but if warm it may be re- 
duced in strength by adding a little water. The anode 
should be of the same quality of brass as that used for 
making the solution ; and indeed if the alloy be of first- 
rate quality and the solution carefully prepared, it should 
yield results fully equal to «iSi^ ^Jc^t c«xi\i^ 0^\j^c&£d 
by tie ordinary metliods oi m«JdTi.^«^0si^O^xj^C^^^ 



SCOURING TRAY. 



245 



223. A very convenient form of scouring tray for 
preparing work for nickel and other kinds of plating 
is shown in the wood-cut. The tray may be constructed 
from l|-inch deal, planed smooth, and the various parts 
well braced together with iron bolts. The vessel must 
be made thoroughly water-tight, either by placing 
india-rubber in the joints or by some other suitable 
means. One or two shelves are fixed across the tray. 
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Scouring Tray. 

inside, a little below the upper edge, upon which the 
work is scoured. A block of wood about 7 inches long 
and 2 inches square should be secured to one of the 
shelves for the convenience of scouring small articles. 
A shelf is placed above the tray for holding boxes of 
pumice-powder, brushes, &c. The tray is supported 
bj a stout wooden frame made oi ^V^'^ Q^>sa:t*vsc^css?^^ 
each part being united by motWcm^. is- ^"^Xsst-H*^ 
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most be fixed at a moderate distance from the tray^ and 
a waste-pipe let into the bottom of the tray at one 
comer. To preyent oyerflow, it is a common practice 
to haye a short iron waste-pipe screwed into the exit- 
pipe, so that when it is desired to run off the whole of 
the water, this can be readily done by simply imscrew- 
ing the waste-pipe. 

As the flooring in front of the scouring tray in- 
variably becomes very wet from the dripping of water 
from the articles after rinsing, it is a good plan to have 
a wooden platform for the workmen to stand upon. 
Four or five strips of inch boarding placed about 
2 inches apart, and screwed to several pieces of S-inch 
quartering, form a very serviceable platform. 

224, Nickel- work that is to be left dead, that is, not 
polished, should be rinsed in clean boiling water, and 
allowed to dry by the heat it has acquired in the hot- 
water bath. No part of the surface should be touched by 
the fingers, as they invariably leave a stain, which is 
unsightly. Cast-iron work, when well nickel-plated, 
assumes a very beautiful dead white lustre, and should 
not be clumsily handled ere it leaves the plater's pre- 
mises. 

225. It will please many of our amateur readers 
and nickel-platers on a small scale to know that rolled 
nickel anodes, of moderate thickness, may now be ob- 
tained of any length, and up to one foot in width. 
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LIST OF ARTICLES REQUIRED IN ELECTRO- 
GILDING, PLATING, ETC. 

Gilding battery-jar. 

Plating battery-jar. 

Gilding bath, of glass or stone- ware. 

Plating bath, of wood or stone- ware. 

Gold anode rolled out to a moderate thickness. 

Silver anode rolled out to a moderate thickness. 

1 lb. of stout copper wire. 

1 lb. of thin copper wire for slinging. 

One or two Bath bricks, to bo rubbed together until powdered, or 

A few pounds of powdered pumice-stone. 

Several brushes, consisting of 1, 2, 3, and 4 rows each. 

Several sheets of emery-cloth, Nos. 1, 2, and 3. 

Several lumps of pumice-stone. 

A Water-of-Ayr stone about three-quarters of an inch square. 

Pair of flat pliers. 

Several files. 

Chamois leather. 

1 ounce of rouge. 

j^ lb. of mercury. 

Several binding-screws. 

A few sheets of filtering-paper. 

1 quart of box-sawdust. 

Several scratch-brushes, which, for economy's sake, may be cut in 

hal^ and the ends soldered. 
Scratch-brush lathe, and " chuck. " 
Evaporating dish to hold half a pint. 
Eotten stone, 1 lb. 
Borax, 1 ounce. 
Silver solder. 
Soft solder. 
Blowpipe. 
Bosin. 

Soldering iron. 

Cyanide of potassium for silver bath. 
Cyanide of potassium for gilding batlu 
Nitric acid, 
Hydroohlonc acid. 
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Sulphuric acid. 

Sulphate of copper for electrotyping. 

Burnishers. 

Nitrate of mercury (made by dissolving mercury in nitric aci4)* 

One or two *' bufib " for polishing. 

Charcoal, several pieces. 

One or two glass measures. 

Nitrate of potash for stripping solution. 

Fuming nitric acid. 

Acetic acid. 

Sal ammoniac. 

Scales and weights^small and largo. 

Sheet copper for gilding battery. 

Sheet copper for plating battery. 

Stout sheet zinc for plating battery. 

Stout sheet zinc or cast-zinc bar for gilding battery. 

Porous cells. 

Carbondte of potassa. 

Fine silver for solutions. 

Fine gold for solutions. 

A few gallons of distillod or rain-water. 

Bisulphide of carbon for ** bright " plating. 

Common salt. 

Caustic soda (see p. 48). 

Silver sand. 

Jar for stripping solution (see p. 56). 

Plumbago and a camel-hair pencil. 

A tub or other vessel for cleaning work. 

Several pans or rinsing vessels. 

Brass rods to suspend articles to bo plated. 



LIST OF BEQUIREMENTS FOR NICKEL-PLATING 
UPON A MODERATE SCALE. 

A 60-gallon wooden tank lined with lead and match-boarding. 

50 lbs. crystals of double sulphate of nickel and ammonia. 

12 nickel anodes (rolled nickel) about 12 inches by 6. 

12 copper hooks for suspending anodes. 

4 three-gallon Bunsen (carbon and zinc) batteries. 

3 brass rods (two for anodes and one for suspending articles). 

10-gallon iron tank for hot potash solution. 

Copper wire for slingmg ^oxk. 
Two and four-rowed 8co\iimg\)Tvx!^^. 
Hydrometer for determiniBg \a[io s^^cjl^^ ^twnJti 'A 'CMi\«S2a.. 
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Test papers. 

3-gallon stone pan for cyanide dip. 

Ditto for hydrochloric acid dip. 

Binding screws, or clampSi for connection. 

Stout copper wire for battery-conducting wires. 

Powdered pumice. 
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TABLE OP WEIGHTS AND MEASUKES. 



1 Found 
1 Oanco 
1 Drachm 
1 Scruplo 



APOTHECAEIES' WEIGHT. 

egunls 



t* 



)» 



tt 



12 ounces. 

8 drachms (480 grains*). 

3 scruples. 
20 grains. 



1 Pound 
1 Ounce 
1 Pennyweight 



TROY WEIGHT. 
equali 



$* 



>t 



12 ounces. 

{20 pennyweights (dwts.) 
(480 grains*). 
24 grains. 



1 Gallon 
IPint 
1 Ounce 
1 Drachm 



IMPERIAL MEASURE. 

equals 



ft 



8 pints. 
20 ounces. 

8 drachms. 
60 minims. 



FRENCH MEASURES OF WEIGHT. 



Milligramme 
Centigramme 
Decigramme 
Gramme 



equals 



ft 



ft 



ft 



. English grains. 

•0164 

•1643 

1-6434 

16-4340 



MEASURE OF VOLUME. 
1 litre equals about 34 English fluid oxmccs. 



* An ouDce Avoirdupois is only 437*6 grains. 
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^CETATE of copper, 73, 74 

Acid, acetic, 134 

arsenious, 15, 74, 78 

hydrochloric, 60, 79 

hydrochloric, fames of, 31 

nitric, 92, 126 

sulphuric, 79, 82, 89, 121 

dipping, 210 
Air-bubbles, 24, 26 
Ale, burnishing with, 69 
Alloy, German silver, 123 
Alloys, deposition of, 7l» 123 

of brass, 71 

of gold, 123 
Amalgamation, 139 ^ 
Ammonia, its uses in the nickel 
bath, 202 

liquid, 73, 83 

phosphate of, 239 

sulphate of, 92, 94 

carbonate of, 96 
Ammonium, chloride of, 96 

sulphide o^ 62 

to prepare, 192 
Anelectrode, 6 
Annealing silver dials, 148 

slingmg wires, 169 
Anode, 5 

surface of, 11, 50, 55, 67 
Anodes, annealing, 143 

arraugement of carbon, 

brass, treatment of, 78, 83 

nickel, 107 

nickel, 246, 248 
Appendix, 125 
Aqua regia, 60, 126 
Artificial bronze, 212 



1 



3ATH, uniform condition of, 

ejcplained, 218 \ 

Batteries for gold and silver, 10 \ 
Battery, arrangement of, 47, 6 4 ,S0 \ 



Battery, bichromate, 161 

Bunsen*s carbon, 80 

compoimd, 9, 47 

constant, 7 

new, 91 

power, effects of excess of, 72 

Smee's, 4, 9 

l^cess, 94 

AVoUaston's modification of, 
10 
Bichloride of mercury, for amal- 
gamating, 178 
Bichromate battery, 161 
Binding screws, 10, 18, 124 
Bisulphide of carbon, 46 
Blistering, causes of, 56 
Bobs, polishing, 233 
Boettger's platinum solution, 210 
Brass rods, 47 

solutions, 73, 77 

solutions, unequal action of, 
explained, 78, 83 

depositing, 145 
Brassing solutions, Walenn's, 
views on, 202 

Watt's, 243 

solution, Jacobi's, 207 
Bright plating, 43 
Britannia metal, 55 

coating^ with nickel, 190, 191 
Bronze, artificial, 112 

black, b5 

brown, 37 

French, 211 

green, 38 

metallic, 179 

silver, to prepare, 205 
Bronze, solutions, 73, 75 

tone of, &c., 223 
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Bufls, 111 

BuU-ncck icatbor, 101 

Burniflbiog, 69, 149 

iv'hen not applicable, 217 
*' BuTDinff" work, 112 
Bunson's Dattery, 80 

rjABINET, electro-motallurgi- 

cal, 221 
Carbon anodes, 240 

battery, Bunsen's, 4 

batterv, new, 91 

bisulpnido of, 46 
Carbonate of potasb, 77 
Cast iron, to nickel, 97 

to pickle, 97 
Casting of mounts, &c., 176 
Cathelcctrode, 6 
Cathode, 5 
Cells, alternated, 45 
Chloride of ammonium, 91 

of copper, 72, 76, 77 

of gold, 60, 127 

of nickel, 91 

of platinum, 240 

of silver, 43 

of tin, 243 

of zinc, 150 
Chromate of lead, 33 
Cleaning work, 48 
Cleanliness, importance of, 48, 50, 

53, 99 
Coating bad steel, 167 

steel with nickel, 189 

glass vessels, 185 
Coil, resistance, 116 
Colouring gilt-work, 131 

gold articles, 148 

processes, 131 
Common salt in nickel baths, 229 
Conducting surfaces, 179 

wires, 29, 140 
Continuity of current, 10 
Copal varnish, 235 
Copper, acetate of, 73, 74 

chloride of, 72, 75, 77 

eoated with antimony, 163 

deposition of, 14, 35, 83 

deposition from sulphate, lo 
£lingB, use of, in electrotyp- 

ing, 181 



Copper plates, cleaning, 140 

ribbon, 179 

solutions, 15, 35 

sulphate of, 15, 16 

to prevent deposition of 
on edges of moulds, 205 
Coppering iron, 203 

tin, lead, &c., 219 
Crocus, 211 

to obtain, 211 
Cruet-frame bottoms, treatment 

of, 200 
Cube nickel, 92 
Cyanide dip, 97 

commercial value of, 181 

excess of, effects of, 44, 129 

of mercury, 236 

of potassium, preparation of, 
144 

of silver, 58 

when required in bath, 114 

sores, 169 

J)EAD nickelinj^, 246 

Decomposition larough, how 
to make, 186 
De-gilding, 235 
Dental forceps, to nickel, 237 
Depositing tank, 109 
Deposition of allo}^ 71, 123 

of brass, 71t 145 

of copper, 14, 35 

of German silver, 123 

of gold, 59 

of iron, 199 

of nickel,' 86 

of platinum, 84 

of silver, 38 

of zinc, 87 

experimental, 221 
Desip^s on gold and silver, 177 
De-silvering, 235 
Dials, to whiten, 52 
Dip, cyanide, 97 

hydrochloric add, 60, 79 
Dipping acid, 210 
Doctoring, 228 
Dolly, 235 
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^namo-electrio machine, 88 

FFERVESCENCE, prevention 

of, 210 
ectricity, negative, 6, positive, 6 
intensity, 4, 7, HI 
quantity, 4, 7, 142 
lectro-brassing, 71 

cast-iron work, 79 
condition of solution for, 
78,83 
lectro-deposition of tin, 1 18 

lead and pewter work, 32 
preparation of goods for, 

81 
wxought-iron work, 81 
zinc articles, 81 
bronzing, 71) 73 
coppering, 35 
etching, 200 
gilding, 59 

magnetism, deposited by, 89 
metallurgical cabinet, 221 
nickeling, 86 
platin^^, 38 
platinising, 84 
soldennj^, 217 

gilding insides of vessels, 63 
zincing, 119 
^Electrotypes, 22 

strengthening of, 111 
annealing, 22 
bronzing, 37 
in iron, 200 
part-silvering, 213 
polishing, 22 
mounting, 23 

removal of, firom mould, 22, 29 
strengthening back of, 22 
Electrot3rping art, discoverers of, 1 
care necessary to success, 187 
moulds, 185 
Endosmic action, 227 
Equivalents, chemical, 89 
Evaporation of gold solution, 118 
Exosmic action, 227 
Experimental deposits, 221 

pEARN'S tinning solution, 242 

Ferns, Ac, copying, 30 
Teitocxanide of potassium, 43 



Filigree goods, 67, 94 
Filtration of solutions, 42, 62 
Finishing nickel work. 111, 234 
Flowers, copying, 32 
Foxy gilding, 62, 95, 129 
French bronze, to prepare, 211 
Fusible metal, 25 

QEEMAN silver, 48, 69, 123 
deposition of, 123 
to prepare, for plating, 48 
Gilders wax, composition of, 209 
Gilding brass articles, 149 

by " single-cell " process, 143 
cneap work, 67 
Gilding lead, 68 

importance of slow deposit, 

215 
insides of vessels, 68 
wire-work, &c., 195 
without battery, 215 
Glass, coating with copper, 31 
Glass-cutters sand, 1(U 
Glyphography, 33 
Gold, chlonde of, preparation of,60 
chains, to gild, economically, 

195 
deposition of, 59 
fine, 124 
impure, 124 

pamt, as a conducting me- 
« dium, 205 
solutions, 60 
- solution for steel-work, 70 
temperature of, 218 
to refine, 124 
to recover, from stripping 

solutions, 136 
to recover, from old solutions, 
130 
Ghranulation, 127 
Green bronze, to prepare, 216 

colour, 131 
Guiding-wires, 180 
Gutta-percha moulds, 23 
solution 0^ 81 

Q;AHD soldering, 153 

deposit, cause of, 218 
Hardening and tem^rui^ %W?k^ 
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nydiocbloirio add dip, 97 

Hydrogen, 32 

evolution of, 213 

Hydrogen, sulphide of, to pre- 
pare, 191 

Hydrometer, use of, 610 

Uydrosulpbate of ammonia, 62 

TMrERFECT rinsing, effects of, 

^ 175 

Impressions of mounts, &c., 170 

Intaglios, to form, 221 
Intensity electricity, 7, 141 
Iron as a positive elementt 221 

coating with coppeTi 36 

coppering, 203 

deposition of, 199 

electrotypes, 200 

TACOBrS solution, 206, 207 
Jewellers' rouge, to prepare, 183 

T AC CARMINE, 38 

Lace, net, &c., to copper, 204 
Lead, deposition of, 207 

edges, how to treat, 61, 52 

chromate of, 38 
Leather, bull-neck, 38 
Lime bob, 235 
Lime finishinjg, 234 
Lime, for polishing, 101 

Sheffield, 234 
Liquid ammonia, 73, 83 
List of articles required in plat- 
ing, &c., 247 
Litharge, 180, 207 
Litmus paper, 86 
Local action, 9, 106, 140 

J^AGNETO - ELECTRICITY, 

Machine, plumbagoing, 225 
Measures and weights, 146 
Medals in electrotype, 23 
Mene's nickel pocess, 202 
Mercury, cyanide of, 236 
Mercury dip, 236 
Mercury, nitrate of, 51 

trough, 185 

to amalgamate with, 139 
Metal, fadhle, 26 
JfefoUo-chromes, to ptoduce, \i>i 
Metallvurgical cabinet, 221 



Motion, effect of, in gilding, &c., 

172 
Moulds, elastic, 19 
Moulds of fusible metal, 25 
liloulds of gutta-percha, 35 

of plaster, 24, 27 

of sealing-wax, 25 

of stearine, 17 

of wax, 31 

from animal substances, 23 

from vegetable substances, 30 

preparation of, 16 ^ 
Moving articles in solution, 53, 132 
Mullers, &c., to nickel, 237 

JJEW form of battery, 199 

process of, plating, &c., 
161, 162 
work, preparation of, for 
plating, 48 
Nickel anodes, 107 
rolled, 246, 248 
baths, common salt in, 229 
„ to make up, 237 
finishing, 233 
solutions, 91 
platmg, 91 
requirements for polishing, 

233 
preparation of work, 100 
chloride of, 86 
deposition of, 86 
double salts of, 86 
Adam's patent, 91 
Unwin's patent, 92 
separating copper and sdnc 

from, 190 
solution, strength of, for steel, 

&c., 189 
sulphate of, 86 
to coat Britannia metal with, 

190 
to deposit, for experiment, 191 
Nickeling pins, &c., 192 

small articles, 237, 238 
Nitricaoid, 92,126 
Non-adhesion of deposit. 111 

QLD work, preparation of, for 
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" Or-molu," 214 
Oxide of gold, 62 
Oxide of silver, 45 
Oxidizing processes, 134 
solutions, 134 

PALLA.DIUM, solution of, 85 

Part-plating articles, remarks 
on, 219 
Prrchlorideofiron in batteries, 163 
Towter, to electro-brass, 82 

solder, to gild, 66, 67 

to plate, 62 

to copper, 69 
Phosphate of ammonia, 239 
Phosphate of soda, 239 
PickUng copper, 140 

iron work, 121 

lead, 82 

silver, 143 

zinc, 82 
Plaster-of-Paris busts, to electro- 
type, 203 

casts, moulds from, 16 

moulds of, 24, 27 
Plutod metal goods, 171 
Plating, bright, 43 
Platinum, anode, 239 

chloride of, 134 

Boettger's process, 240 

Boseleur's process, 239 

deposition of, 84 

solution, 84 
Plumbago, its uses, 21 
Plumbagoing machine, 225 
Polishing electrotypes, 22 

brass work, 101 

nickel work, 101 

spindle, 233 
Porous cell, 8, 14 

cells, to make, 187 
Potash bath, 100 
Potassa, caustic, 48 

nitrate of, 56, 1 31 
Potassium, cyanide of, prepara- 
tion oi 144 

ferrocyanide of, 43, 144 

salts of, in nickel bath, 169, 
202 
Powdered Batk brick for dean- 

ing, 48 
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Precipitates, washing, 41, 43 
Precipitation of gold, 61, 130 

of silver, 40, 67 
Preparation of work, 100 
Protonitrate of mercury, 200 
Prussian blue, 38 
Pumice stone, powdered, &c., 48 
Putty powder, to prepare, 183 
Pyro-plating, 126 
Pyrophosphate of soda, 243 

QUANTITY electricity, 7, 141 

augmentation of, 204 
Quicking process, 236 
bath, 236 

E.E-AMALGAMATING plates, 

170 
Refining gold and silver, 126| 163 
Eegulating current, 116 
Keguline deposit, 142 
Kenickeling, 113 
Resistance coil, 116 
Koseleur*s platinum solution, 239 
Rolled nickel, 246, 248 
Rotten stone, 22 
Rouge, 22, 37 

to prepare, 183 
Roughness of deposit, cause of, 103 
Rust, to remove, 78 

gAL-AMMONIAC, 96 

Salt of tartar, 244 
"Sand holes," 98 
Scouring tray, 245 
Scratch^ruah, 49 

waste, 148 
Sediment in solution, 163 
Sheffield lime, 101 

to preserve, 101 
Sienna, 38 
Silver bronze, to prepare, 205 

cyanide of, 68 

nitrate of, 40 

oxide of, 45 

tarnished, to clean, 136 

removal of, from old plated 
work, 56 

solutions, 40 
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Singto-oell prooeM, 14, 143 

iU application for experi- 
mental purposes, 222 
Kling^g-wires, 105 
Soda, caustic, 48 

hyposulphite of 43, 145 

pnosphate of, 239 

pyrophosphate of, 242 
Soft-soldering, 150 
Soldering iroD, tinninpf, 150 
Solution, conductibility of| 53, 
60, 82 

for plating without battery, 
152 

for gilding without battery, 
153 

filtration of, 42, 62 

Jacobi's, 207 

of gold, 60 

of brass, 72, 77 
Solution of bronze, 73, 75 

of copper, 15, 35 

of nickel, 95, 96, lOG 

of platinum, 84 

of silver, 40 

of zinc, 87 

for different metals, 81, 131 

temperature of, 53, 59, 139 

tinning, 240 

stripping, for gold, 137 
nickel, 114 
silver, 56 
Spindle, polishing, 233 
Spirit of wine, 205 
Spoons and forks, to prepare, for 

plating, 43 
Spurious p^old, 171 
Stereotjpmg, process of, 203 
Stolba's nickel process, 201 
Stopping off, 236 
Strengthening electrotypes. 111 
Stripping solution for nickel, 113 

for gold, 235 

for silver, 56 
Sulphate of ammonia, 92, 94, 96 

of copper, 16, 16 

of iron and ammonium, 169 

of nickel, 96 
Sulphide of hjr drogen, 191 
predpitatrng copper by, 191 
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Support for spoons, &c, 224 
for small articles, 225 

TABLE, weights and measures, 

250 
Tank for nickel solutions, 109 
Tarnishing of alectro-plate, 174 

of nickel-plate, 226 
Temperatureof goldsolutioDS,218 
Test tube, 41 

Testing gold articles, 170 
Tin, chloride of, 15, 78 

deposition of, 118 

leful, &c., to copper, 218, 219 

salt, 118 

to remove from cruet-frames, 
&c., 52 
Tinning solutions, 118, 240 

solution, Feam's, 242 

Boseleur's, 243 
Tone of bronze, &c., 223 
Trent sand, 101 

UNIFORM condition of bath, 

218 
Unwin's process, 92 
Utilisation of waste, 148 

yENTILATION of operating- 
room, 158 
Verdigris, to remove, 61 

^ALRUS-HIDB, 101 

Waste, recovery of, 148 
Weights and measures, 250 
Weston's Dynamo-electric ma- 
chine, 88 
Whitening dials, &o., 52 

silver articles, 147 

brass dials, 148 
Wires, slinging, 105 
Wire- work, to gild, 195 
Wood-cuts, to copy, 221 

2;iN0 bars, 8, 180 

deposition of, by Watt's 
process, 119 
and plumbago, 216 
«^\]£\!QrEi'& est, E7 
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Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. 6.r. elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs. — IX. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates. —Appen- 
dices, ^ving Tables of Rates of Supply, 
Velocities, &c. &c. , together with Specin- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bidcford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical trtiitises."-—£n£ineer, 

Humbei^s Great Work on Bridge Constrtiction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A. -M. Inst C»il.,«ssjl\/K..\Bas-. 
M.E. Thkd Edition, with llsBou\i\t 't\aXfife» \xl 7.N^^»>esKc^. t^^x 
6/, i6s, 6d, half* bound in morocco. ^^^ 

"A hook'--aiid particularly a lare« and cost\v XxcaiXA** X^^Vlx. ]^";=^^^,^3«1 - 
has reached its third edition may ccrteaiAv "Vi^ «»a.^ ^^ ^"^"^^ «5S»N*a»«' 
r<fput&uon/'—£n£ineeHn^, ' -^ 
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Humbers Modem tLngtneering. 

A RECORD of Uie PROGRESS of MODERN ENGINEER. 
ING. First Scries. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William Humber, A.-M. Inst C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, C.E., F.R.S., &c, and descriptive Letter-press, Speci- 
fications, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 



Victoria Sution and Roof, L. B. & S 
C. R. (8 plntes) ; Southport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cretnome 
Music Hall ; Bridfi^e over G. N. Railway ; 
Roof of Station, Dutch Rhenish Kail (2 



plates) ; Bridge over the Thames, West 
London Extension Railway (^ plates) ; Ar- 
mour Plates ; Suspension Bridge, Thames 
(4 plates) : The Alien Eneine ; Suspension 
Bridge, Avon (3 platesj; Underground 
Railway (3 plates). 



Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engineer, 

IIUMBER'S RECORD OF MODERN ENGINEERING. Second 
Scries. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
plienson, C.E., &&, and descriptive Letterpress, Specifications, 
&c 3/. 3J. half morocco. 

List o/t/te Plates and Diagrams. 



Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(15 plates); Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 

H UMBER'S RECORD OF MODERN ENGINEERING. Third 
Scries. Imp. 4to, with 40 Double Plates, Portrait of J. R. Mclean, 
Esq., late Pres. Inst. C.E, and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 
Main Drainage, Metropolis.— Branch (2 plates) ; Outfall Sewer, Reser- 
ii^orth Side. — Map showing Interception voir and Outlet (4 plates) ; Outfall Sewer, 
of Sewers ; Middle Level Sewer (2 plates^ ; Filth Hoist ; Sections of S«wers (North 



Outfall Sewer, Bridge over River Lea (3 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridce over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks' Feeder 
(2 plates) ; Outfall Sewer, Reservoir (2 
plates) ; Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
Soiith Side. — Outfall Sewer, Bermondsey 



and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 
Abbey Mills Pumping Station, Main I potamia ; Viaduct over the River Wye, 
Drainnge, Metropolis (4 plates) ; Barrow I Midland Railway (3 plates); St. German's 
Docks (5 plates) ; Manquis Viaduct, Satv-\"N\3tAwc\., Oir(\>«ia3A. Railway (2 plates); 
tiago and Valparaiso Railway (a pVatesVA^Wtou^tAtaw OjXvcvevet \Qt ^iv'fvsMi^^ftlLv 
Adam's JLocomotive, St. Helen's CAna\\M\\VNaX\T3o^?.V.^^Naxt'i\\;^^x«^^^ 
RailwAV Ca plates); Cannon Street Stattou\¥.xcavaX«t,^^j«^^ 

Hoof, dhkrSg Cross RaiUvay (3 p\ate^V'\^^^^^f-J'xS«^ * ^ 
Road Bridge over the Rivir lAoka C?\^v;.^«ts^^V^^w 
pUtcs). lelesraphic Apparatus Cor Meso- 
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Strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. lust. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 71. 6d. cloth. 
" The system of employing diagrams as a substitute for complex computations 

is one justly coming into great favour, and in that respect Mr. Humber*! volume is 

fully up to the times." — Engendering. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5j. cloth. 

"The student cannot find a better book on this subject than Mr. Sheilds'." — Engineer. 

Barlow on the Strength of Materials, enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, iSj. cloth. 
" The standard treatise upon tms particular subject."— ^ffj^iWrr. 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, &c., 
of Cast Iron, by E. Hodgkinson, F.R.S. 8vo, 12s. cloth. 

%♦ Hodgkinson's Researches, separate, price 6s, 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.LA. Third Eldition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14J. cloth. 

"Undoubtedly an exceedingly useful and elaborate compilation." — Iron. 

*' Alike valuable to students and engineers in practice." — Mining yournal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,* with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. 7j. dd, cloth* 

Jjvdrttulzcs 

HYDRAULIC M ANU AL. Coti^V^Wti^ ol ^N ^^'^^:?^'J'^X^ 

Explanatory Text. Intended a^ a Cvvv^^mVL-i^x^^^^^^^ ^^^s 

and Field Operations. By 1.0\nvs •O' K. ^ ^S!*^^ \ itv tHe ^ 

Edition. Rewritten and KnUTS^d, l^ax^^Cxo^tv^N^* v ^. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the (Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine*s Field Practice of Laying 
out Circular Curves. With 7 Phites and numerous Woodcuts. 8vo, 
&/. dd, cloth. \* Trautwine on Curves, separate, y. 

" The text-book 00 levelling in most of our engineering s<du>ols and colleges."' 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbenng, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
" It has been regarded from the first as a text-book of the subject.. . . . Mr. Oaik 
h4« added immensely to the value of the \)Oo\i."'-'Engirucr, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I.CE. Second Edition. i2mo^ 4/. doth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst CE. 
Including a Treatise on HydraiUic Engineering, by George R. 
BuRNELL, M.I.CE. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear ClaRK. 
M. Inst. C.E. i2mo, 7j. 6^., doth boards. 

GaS'L ighting. 

COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for Householders, Gashtters, Millowners, Architects 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6./, 

Bridge Construction in Masonry^ Timber^ & Iron^ 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consis^ of 
46 Plates from the Contract Drawings or Admeasurement ofsded 
Works. By W. Davis Haskoll, C.E. Second Edition, witli 
the addition of 554 Estimates, and the Practice df Setting out Woib, 
with 6 pages of Diagrams. Imp. 4to, 2/. 12/. ^d, balf-morocca 
"A work of the present nature by a man of Mr. HaskdU's experience, must prore 
invaluable. The tables of estimates considerably enhance its value. "—.fii^^iMyrvv 

JSarthwork. 

EARTHWORK T ABL.'E.S, ^\voVvw^>(!svt C^^\Mc.W\s3.^^^is,Ol>sAL 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2j. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30^. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work 'Railway Machinery.'" — The Engineer. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5j. cloth. 
** A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer." — Atkenaum, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," **The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, 6s, cloth. 
"Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining JoumaL 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6</. 

" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their nLrity.**'— English Mechanic, 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. Arranged expressly for the use of Draughts- 
men, Students, and Foremen Engineers. By Francis Campin, 
C.E. i2mo. 3 J. 6d. cloth. \Jtist published. 

Mechanical Engineering. 

MECHANICAL ENGINEERING : Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. 3J. c?oth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. ByF. Campin,C.E. \imQ,'>jS,^d.0Oav^'5»« 

Iron B7'idges, Girders^ Roofs, &c. 

A TREATISE ON THE XPPlACKtlO^ "^oa^"^^^ 
TO THE CONSTRUCTIOTSI 0¥ ^^^^^^'^^ o P^^^^ 
HOOFS, AND OTHER WORKS. B^Y.CWii^^^^.^^^'^^ 
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Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Ik)iler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
Lithographic Diagrams. Folio 2ij. half -bound. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. srdEd. Imp. 8vo, &f.cloth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. 1. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia* 
grams for Facilitating the Construction of Oblique Bridges, by 
W. II. Barlow, M. I. C. E. Royal 8vo, \7s. doth. 

" The standard text book for all engineers r^ardhig skew txs^t%^*—~Engin€er, 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5j. cloth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S.Hughes. 4r.6^. dotb. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael 

Reynolds, M.S. E. Fifth Edition. Comprising A KEY TO THE 

LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4J.6^.cl. 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engineer, 

The Engineer^ Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4J. dd. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6^. cloth. [Just published. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine- Drivers. By Michael 
Reynolds. Crown 8vo, 25. cloth. 

Continuous Railway Brakes, 

CONTINUOUS RAILNV^Y B^KYv^^. K^x^^NA^aiTx^aJscefc^ 
the several Systems in Use in l\ve \3TC\Ved.Y:\xv^^om% >;^€vtC,^T&Ns^v 

Tables. By MiCHABi- KiLYi.oi,i>s. ^^^?^^ ^^^^^^;,^^;,^>r. 
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Construction of Iron Beams, Pillars^ &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3J. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp>., demy 8vo, i/. 4r. cloth. 

** Wc can most heartily commend x!tu&\iOo\i,**— 'Engineering. 

" Mr. Young's book on ' Fire Engines and Fire Brigades ' contains a mass of 
information, which has been collected from a variet>[ of sources. The subject is so 
intensely interesting and useful that it demands zov&v^<iXdX\oxx.'*'- Building News. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems iu Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, i6j, cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, y, 6d, 
** Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the 'mstxumcnt."— ^Engineer. 

*' Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. lAthemeum, 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy 8vo, i/. 5^., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, \2s, cloth. 
" Many of the methods given are of extreme practical value to the mason^ acui tK«. 
observations on the form of arch, the ruVes iot ot^cxvci^ ^^%\xyQfc,^sA^^^<2so^3^i-- 
tion of the templates, will be found oC cons\d«a>Aft w^. '^^^^"^'^"^'^^^^^^^^^^^^Jj^^ 
the engineering profession, and to aUvrVio Yuatve \o>a\x\\^ ivov^ax waSxs.« »'* 

" Will be warded by civU engineers aa ot VVve xAtaoaX n A>ift ^^ao- «iN!20N»»^x 
much time and obviate many mistakes." — CollUry Guardian. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D'A. Jackson, A.-M.I.C.E. Author of ** Hydraulic Manual and 

Statistics," &c. Large crown 8vo, I2J. 6</., cloth. 

" Mr. Jackson has produced a valuable vade-mecuiH for the surveyor. We can 
recommeHd thu book as containing an admirable supplement to the teaching of the 
accomplished surveyor." — Athenetum. 

** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortifv 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of siirvey, and will be found 
an essential aid to the student."— i^wZ/K/m^ News. 

*' The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read." — BuUder. 

Sanitary Work, 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst C.E. Crown ovo, 3J. cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in tne works of which he tnaA^,'* •—Builder, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com. 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &c. With numerous Illustrations. i2mo. 3^. dd, cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text* 
book." — Iron and Coal Trades Review. 

" Seems a model of what an elementary technical book should be." — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ** A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer, 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 

Two Parts. I. The Art of Constructing Common Roads. By 

Henry Law, C.E. Revised and Condensed. II. Recent 

VrviCtiQt in the Consttuction ol "Roa.^^ ^.tv^ ^\x^e,ts •. including 

Pavements of Stone, 'Wood, and K?,^\viW.fe. ^>j T). ^Y^^^jta. 

CjlARK, C.E., M.LC.E.. Second ^dV\..,Tev\^^d. \Tcao, v-JSa^. 

. "A book which every borough avirveyoT and ^J^S^^^^ ^^^''^;^|^^^ 
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Sewing Machine {The), 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual;" "Electric Light: its Production 
and Use." With Numerous Illustrations. i2mo, 2s, 6d. cloth. 

Field' Book for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2J. cloth. 
" The hook is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Atheneeum. 

" Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession." — Mining Journal, 

Earthwork, Measurement and Calculation of, 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s, 6d, cloth. 
*' As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will nnd a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan, 

Drawing for Engineers^ &c, 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4J, 

" A copy of it should be kept for reference in every drawing office." — Engineering. 

" Indispensable for teachers of engineering drawing." — Mechanics' Magazine, 

Wealds Dictionary of Terms, 

A DICTIONARY of TERMS used m ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised by Robert Hutut, F,^?i.^^'^^>^«.^V^J^NssssN^ 
Records, Editor of ** Ure's "Dicliotiar^ o^ M\s'^ \i.\SNa., ^s. Os..\=^^. 
"T/ie best small technological dictionary vtvtVvfc\^\Ai>\*.?.'«a:*~Arc>vUec^^ ^^ ^^^ 
"The absolute accuracy of a work ot tWvs cYvaxajcXtx cmv ^"^"J^^^^JcJ. .«A.^«' 
e^fciisjKe cousuJtation, and from our examinaxvou \X a.vV'Kax^ ^^^ ^^^ 
complete."^AfMm£ ycurnai. 
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MINING, METALLURGY, ETC. 

•— 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
\\y Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £i%s, cloth. \Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of ** A Treatise on 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. I2j. dd, cloth. 
*' Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining journal. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3J. td, cloth boards. 
"Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Engineering. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and greatly Enlarged. "With Numerous Illustrations, 
i2mo. 5 J. 6^. , cloth boards. [Just published. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans. Volume of Text. 
i2mo, 3J-. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s, Together, 9J. cloth boards. 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also aivT£.Tcpo?»\\\o^oC tke Correct Principles 
oi Laving out and Vai\ims "H-oma wcA Yoxev^ \x^w ^sv^ ^^ 
Mineral Properties. By VJii.\.ikmi Ia^t^^^, ^mvsv^ ^tv5^ ^\^ 
Engineer. With four Plates omi^v.m^.^W^^^ 
*,* Tlie above, bound ^t\i -tnovik^s Tk^^^^. ^^^ ^^^^^ 
?tU^ 'js. 6d. cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Warington W. Smyth, M.A., F.R.S., &c.. Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

l2mo, with numerous Illustrations, \s, cloth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an outline is given of every known coal-field in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

lar^e number of readers." — Mining youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Author of "The 
Cornish System of Mine Drainage." 8vo, 15J. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

Pocket Book for Naval Architects& Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2j. 6^., strongly bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels." 
— Engineer. 

** There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

*' Mr. Mackrow has compressed an extraordinary amount of information into this 
useful Yolumc.*'^ A (hemeum. 

Granthanis Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c. 2/. 2j. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in eeneral. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEY\51. 'IKSVX.^ K?;^.^ ^^^- 
MULJE FOR MARINE ENGl^^^^^. ^^^^»^^^^>'^'^'^'^^^ 

A.LN.A. Third Editioiu Ro^il ^2.mo A^^'^'^«V^^•^^^^1.^• 
"A most useful companion to all manue cnsvueet%."— United Se^^* ^ >^«o. V 

l^*^^y anything required b^ a nava\ vtM^wx «eJ^«»^ ^ ^"^ 

gotten. -^/rvH, 
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L ight'Hoiises. 

EUROPEAN LIGHT-HOUSE SYSTEMS; being a Report of 
a Tour of Inspection -made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 21 j. cloth. 

Surveying (Land and Marine), 

LAND AND MARINE SURVEYING, In Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Tov,ns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. 
With 14 folding Plates, and numerous Woodcuts. Svo, I2s,6d, doth. 

** A most useful and well arranged book for the aid of a student" — Builder. 

'* Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors." — Mining ycumai. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown Svo, lOf. 6d, cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. Rosser. i2mo, 3^; cloth boards. 

Mat/iematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Scries of 
Tables for Navigation and Nautical Astronomy. By J. R« 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation (^Practically with Tables. 

PRACTICAL NAVIGATION : consisting of the SaUor's Sea- 
Bo(;k, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, 7^. strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The foU(nving books in Naval Architecture^ etc,^ are published in the 

above series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s, 6fl^. cloth. 

SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert KipriNO, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, v* cloth boards. 
MARINE ENGINES, Ai5I> STY.K.^V N^^^^V'^. By Robert 
Murray^ C.E. Seveiit\i ^d\\\ou. lamo, •v-^^^^'^Xaowiisv 
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ARCHITECTURE, BUILDING, ETC. 
Coftstruction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, "js, 6d, cloth. 
" A very valuable book, which we strongly recommend to all sX\xAtxit&.**— Builder, 
" No architectural student should be without this hand-book." — Architect. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5j. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "—Times. 

" We commend the book to the thoughtful consideration of all who are interested 
in the buildine; axt."— Builder. 

Villa Architecture, 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spiresand Towersof the Mediaeval Churches of Eng- 
land,'* &c. 30 Plates, 4to, half morocco, gilt edges, i/. u, 
*»* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s, half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. By F. Rogers. Cr. 8vo, 6j. cloth. 

**As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little s<A\xrsi<&**— Standard. 

The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. i2mo, cloth, ^r. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments."— ^n:^//^^/. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7^, td. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Bx^^<^V^^^^x 
and Stability, with a chapter on Lightning CoIv^^X't\.<3t^, "^^ ^cs^-^^^:^ 
"Wilson, C.E. Crown 8yo, 35. 6d. doXXx, 
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Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S. A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (sod 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detail Large folio, with 130 Plates, half-bound, 3/. 3^. 
*,* Originally published in two volumes, folio, at 18/. i&r. 

Vitruviui Architecture, 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.RA.S. 
Numerous Plates. i2mo, cloth limp, Sj. 

Ancient Architecture, 

RUDIMENTARY ARCHITECTURE (ANCIENT); com. 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6j., half-bound. 
*^,* The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture, 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, i2mo, dr. half-bound. 

Civil Architecture, 

A TREATISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S. A. Revised and edited by W. 
H. Leeds. (^ Plates, 4to, 21J. cloth. 

House Painting, 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, dr. cloth. 

Plumbing, 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House- drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Fourth Edition, Revised and much enlarged, with 300 illustrations, 
i2mo. 4J. cloth. ^ ^ \yust published. 

yoints used in Buildings Engineerings &c, 

THE JOINTS MADE MJ^Ti A3^^\i ^X ^'ViYSJC^lt.RS in the 

construction of various Vmds ol 'E.xigixvteiYev^ ^w^ KxOvxw&^jw:^ 

works, with especial Tefereuce \o l\xo%t >nxo\^^\. V3 ^x>cJm«x^\sv 

erecting and finishing HaUUUe ^^^^^^^^V.^l^l^J-.^;^^ 

Architect. Witli 160 IWuslrallons, \^«^^> ^^' ^^- ^^^;^ 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. lu, 6^. 
'* In this work forty-four specifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — Builder. 

Specifications for Practical A rchitecture, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo,i5j. doth, 

*♦* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designing, Measuring, and Valuing, 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calctdations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, icxr. dd, cloth. 
" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the yror]L.'*'-^En£in€erin^. 

Beaton* s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton, Second Edition, 
Waistcoat-pocket size. is. 6it 

Beaton* s Builders* and Surveyors* Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton. \s, 6d. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What ^^ v< 
Cost \o Build, Alter, or Repaiil k ^Tvt^-^Q^5«^ Vix X^^ks^V^^- 
s/onai People, Architectural Sutvevox^, "^^^ievRX's., ^^« ^^!v^^ 
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Ccfptcnt. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown 8vo. 3J". 6d, clotL 
" A useful compendium of results for the builder and architect." — Building Nevt, 

Builder's and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c. Revised by F. T. \V. Miller, A. R. I. B. A. Half-bound, 4;. 



CARPENTRY, TIMBER, ETC. 

■ ♦ 

Tredgold*s Carpentry ^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To whidi 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisus, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2J., reduced to i/. 5^. doth. 
" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue. — BuUdtr. 

" A work whose monumental excellence must commend it wherever skilful car* 
I>entry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic y9lvA,*'-^£uildin£^ Nitws, 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 

2nd Edition. Carefully revised and corrected. i2mo, 3J, dd, cloth. 
*' Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and tm-ows in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c.— all that the class to whom it appeals requires."— J?^7uA Mechanic. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokeis, 
Builders, and Others. By W. Richardson. Crown 8vo, 6j. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. dd. cloth. 

" Invaluable labour-saving tables." — Ironmonger. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 

JDescriptive, containing fuW \iv£oima.\.\QitL oi \.\vft various Trades and 

Processes involved, wiui Hmt& on. \\v^ ^o^et V^e^v[\^ ^\ C«ces3Me&^ 

<&c. 57 Illustrations. By 3am^sN^, e^J^o^is.^^* \*tao, -j^. ^^^^ 
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Hortotis Measurer. 

THE COMPLETE MEASURER; setting forth the Measure- 
merit of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Slone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Fourth Edition, with considerable and valuable additions, l2mo, 
strongly bound in leather, 5J. 

Horton s Underwood and Woodland Tables, 

TABLES FOR PLANTING AND VALUING UNDER. 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

NicholsorCs Carpenter s Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S. A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is, cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable mformation. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, y, cloth. 
"Eyerything is as concise and clear as it can possibly be made. There can be no 
d^ubt that every timber merchant and builder ought to possess it" — Hull AdvertUtr. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3J. (id. cL 

Woodworking Machinery, 

WOODWORKING MACHINERY ; its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
1 2 J. dd. cloth. 
" Mr. Bale is evidently an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and others engaged in the con- 
version olixva^tx''— Architect. 

** The most comprehensive compendium of •wooA-njo^vr,'^ Ta»52K««.ri ^^^ ^osk*v 
»tm. The author u a thorough master of hva su\)Wa,"— BuUdinu N*^,***, v ^ 
"UahouM bo ia tb« olfico of every wood-woi\L\iif|,f^«XQri"— £ngU*K MtOMi«.>fc. 
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MECHANICS, ETC. 
I urmng. — • — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With Illustrations drawn by the. Author. Crown 8vo, ^s. 

•' Evidemly written from personal experience, and gives a large amount of just 

that sort of information whicK beginners at the lathe require." — Builder. 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 

PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 

TICAL ASSISTANT. By W. Templeton. 13th Edit., with 

Mechanical Tables for Operative Smiths, Millwrights, EngiBcers, 

&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 

'* Admirably adapted to the wants of a very large class. It has met with great 

success in the engineering workshop, as we can testify ; and there are a great many 

men who, in a great measure, owe their rise in life to this little work." — Building Neva* 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2j. 6i. 

Smith's Tables for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and Arranged by Francis Smith. 
Waistcoat-pocket size, is, 6d., limp leather. \jfust published. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M. I. C.E. i2mo, 9^-. lialf-bd. [J^ust published. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp, 3^. td. d. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, i6j. td. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E, 
Fifth Edition. i2mo, ds. cloth. 

•' *] he best work on boilers which has come under our notice.** — Engitieering. 

" 7 he best treatise that has ever been p\\\A\s.Vved ow steam boilers." — Etisituer. 

A'/^fc/utnzcs 

THE HANDBOOK. OTf ■Ss\'E.C\\Km5-'5>- 'f-'i :^^<s«j-sw^ 
larged, hy Benjamin Loisyj^,-fc .V^.K.^m?^^- -^^v-iN^.^. ^ 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems, <2fc. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System, By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of ** Aid to Survey Practice," &c. 
Large Crown 8vo, I2s. 6d, cloth. [Just published, 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed MATHEMATics^omprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. doth. 

Mathematics as applied to the Constructive Arts, 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, 3J. 6d, cloth. YJu^t published. 

Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9j. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
Dowling, C.E. 2nd Edit, revised and enlarged. 8vo, loj. td, cL 

Inwood's Tables y greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold: Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William In wood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c By M. F6dor Thoman. i2mo, &f. cloth. 
** Those interested in the purchase and sale of estates, and hi the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent service."— -£fl(,fi>ir/rp^. 

Weights, Measures^ Moneys, &c. 

MEASURl^S, WEIGHTS, andUO^^X^^I "^J^^^^^^ 
and an Analysis of t\ie CVimWaxi, ^€teit««^ "^r^S^^^X ^ 
Caiendars. Entirely New ^d\\\oii, ^«^\»«^^ «^ ^^cSaRW.^ 
W. S. B. WooLHOUSB, P.R.K.S, \i.mo, as. W, o.^ 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FiDOR Thoman, 
of the Soci^t^ Credit Mobilier, Paris. 3rd Edit., i2mo, 41. dd, cL 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES* COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from i«. per cwt. to I I2j. per 
cwt. , and from one farthing per lb. to \s, per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Downie. 396 pp., 9^., leather. 
*' Will supply a want, for nothing like it before existed." — Buitding News. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of *The Slide Rule,' &c Eighth 
Edition. Oblong 32mo, dr., leather. 
" For comprehensiveness the book has not its equaL" — Iron. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will affi)rd an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, SheffieldL New 
Edition. Royal 8vo, i/. 5^. , strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from I J to 90 p)er cent, 
Tables of Discount from I J to 98 J per cent., and Tables of Commis* 
sion, &c., from J to 10 per cent. By Henry Harben, Accountant, 
^ew Edition. Demy Exo, li. y.,laaK-bo\ind. 

Jkfatkematical Instruments. 

MATHEMATICAL l'NSTRA3U¥.'^T> •. :^^^\^^^"^^^^; 
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Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing fuU instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee. 
Second Edition, enlarged. i2mo, 3J". 6^. cloth. 
" The best work yet printed on its subject for a reasonable price." — yeweller. 
"Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, containing trustworthy information that only a practical man can 

supply."— i5"«^/MA Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contaming full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By G. E. Gee. i2mo, 3^. 6^. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study iXj*'^English Mechanic, 

Hall' Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee, Crown 8vo, 5J. cloth. \ytist published. 

Electro- Platings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 

"Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show the yrzY"-—£uikUr, 

Electro typings &c. 

ELECTROTYPING : A Practical -Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
"A guide to beginners and those who practise the old and imperfect methods." — Iron* 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&C. Eighth Edition, Revised and Enlai^d^YRa\^^^s\'^'^^'«&R^^ 
recent Processes. i2mo, 3s. 6d. do'Ca. "^O^^^ ^\>\\iS\t«v. 

"From this book both amateur and axusaxv Taa.>j \«i^ixvw ^.N^r^iNiKcw^ -c^^'^^'^s:^ 
thesuccGssfnl prosecution of electropVaUug."— I ro«. . .^ vv*. -asN.^ ^*^'^ 

"A practicai treatise for the use ot \.\\ose ^\vo ^«ssvi^ Vft ^w\.vcv >.vvi 
de^siiiQii as a business,"— £«^/u^ Mw/ianiCv 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formuloe, Tables, and Receipts for Gold 
rlate, Clasps, Solders, etc., etc. By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Cr. 8vo, ^s, 6d, cl. [Just published. 

" An authoritative treatise, which we can strongly recommend to all students."— 
Dublin Journal of Medical Science. 

"The best book on the subject with which we are acquainted." — Medical Prest. 

Electricity. 

A MANUAL of ELECTRICITY ; includhig Galvanism, Mag. 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with ^oo Woodcuts. 8vo, i/. ^r. doth. 
*' The accounts ^iven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting.— i!^a»r^/. 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.LC.E., Vice-President of the Society of Telegraph Engineers, 
&c With 470 Illustrations. Crown 8vo, \2s. 6d. cloth. 
*'A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable. " — Athenuutn. 

" An admirable text-book for every student—beginner or advanced— of electricity. ** 
—Engineering. 

" Recommended to students as one of the best text- books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus." — English Mechanic, 

"Under the editorial hand of Mr. Preece the late Dr. Noad s text- book of elec» 
tricity has grown into an admirable handbook." — Westminster Review. 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and D)manio-Electric Machines. By J. W. Urquhart, C.E., 
Author of ** Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crown 8vo, 7j. dd, cloth. 

"The book is by far the best that we have yet met with on the subject." — Athenttum. 
" An important addition to the literature of the electric light. Students of the 
subject should not fail to read it" — Colliery Guardian, 

Lightning, &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
l2mo, p. 6d. cloth. [J usi published. 

"Major Parnell has written an or\g,mai\ -wotV otv ^ scA«v>^^c%\i>svtc\.<i^>ij\\isual iiite- 

-Atlxe»urui»i. 




rtAfrft>}re of facts and principtes atrawgei vn a w,w»xA<i fo«sv, ui.um«R t.«« 



PUBLISHED BY CROSBY LOCKWOOD & CO. aj 



The Alkali Trade — Sulphuric Acid^ &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
T)me and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/. I2s. 6d, cloth. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plant y or to become practically acquainted with the latest processes and developmefits 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful ^ide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plan of Works — II. Sulphuric Acid — 
III. Recovery of the Kitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process- V. Legis- 
lation upon the^ Noxious Vapours Ques- 
tion — VI. The Hargreaves' and Jones' 
Processes — VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined AlkaU— XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste-XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Nojdous Vapours Question, 



"The author hns given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

" This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufactinre is veiy fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details ot this trade receives the fullest attention. The book has been 
produced with great completeness." — Athenteum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, whicn 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication."— CA^i^fMra/ 
Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of "Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, I2j. td, cloth. 

"We recommend this book to the caxetxA pearasaX ol «s«r3 «ftfe\'''*.TBai?i\sfc>a>3s:^ 
afSrmed to be of universal interest, and. "we &tcoti^N xccoTosskiBcA"-*. \» «sa '^*^^**'"*^'*' 
guide, alike Indispensable to the houscNnfe as to Uut .j^DaxtnacKa^^^s^ '«»*^*^'^^^ ^ 
Medtcai Times, 'e«£.«)X't« 

"£«sential to the analysts appointed \md«t itheueNi KkX. T^«^T^£r«. 
9xe giyen, and the work 11 w^U edited s.xvd c^x^^ifi^^ -«t\V«5x. — inawr. 
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Dr. Lardners Museum of Science and Art 

THE MUSEUM OF SCIENCE AND ART. Edited bjr 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ ix., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31^*. td, 

OPINIONS OF THE PRESS. 

'' " This series, besides aflfording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things ' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely ]pre- 
vails ; and we have no fear that such enlightened faith will meet with disappomt" 
ment" — Times. 

** A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — Spectator, 

*'The 'Museum of Science and Art' is the most valuable contribution that has 
ver been made to the Scientific Instruction of every class of society."— tS'cr Daoid 
Brewster in the North British Review. 

'* Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Examiner, 

\* Separate books formed from the above, suitable for WorkmetCs " 

Libraries, Science Classes, ^c» 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 51. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 7.s, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2J. dd, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s, dd, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gUt, 2s. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c 182 Illustrations, 4^. 6d, 
THE BEE AND WHITE ANTS i Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2^1 
THE ELECTRIC TELEGILAPK YO^\iV.k^\'^^^. -^^^ t«.^«. 
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Dr, Lardner^s Handbooks of Natural Philosophy. 

•«♦ The following ^ve volumes, though each is Complete in itself y and to he Pur- 
chased separately ^ form A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science, wit/tout pursuing them according to the 
more profound metJiods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Student i the Engineer ^ the Artisan, and the superior classes in ScJwols. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6j. cloth. 
" The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post Svo, 5^. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with« 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6j. cloth. 
" The style is always clear and precise, and conveys instruction without leaving 

any cloudiness or lurking doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5^. cloth. 
" Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated. "— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and brining up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner s Handbook of Astronomy, 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In I vol., small Svo, 
550 pages, 9J. (id., cloth. 
"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
ofiFered to the public." — Atheneeum. 

•' We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend ic to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly Journal 
of Science. 

Dr. Lardner s Handbook of Animal PK'^^xc^. 

THE HANDBOOK OF XTJ^IMVKV. ^YiM^XC>%. ^\^;, 
Lardsek, With 520 lUuslmXiows- ^vw t^^^^^-^^ ^^®^^ 

Wc have no hesitation in cordiaWy r^comxafctvdxtv^ W — u.a"»**«. 
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Dr. Lardn^r's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition, i vol 3^. 6d. cloth. 
" Convevs, in clear and precise terms, general notions of all the principal divisions 
of Phjrsical Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 Illustrations. Second Edition, i voL 3j. 6</. cloth. 
'* Clearly written, well arranged, and excellently illustrated.**— ^r<^p«^rt' Chronicli, 

Dr. Lardner' s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2.5. 6d. cloth. 
' * One of the most readable books extant on the Electric Telegraph." — Eng: Mechanic. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by RALPH Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, yj. 6^ cloth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor leVaux. Fcap. 8vo, 5^. cloth. 

** A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God's Works against God's Word. 
No real difHculty is shirked, and no sophistry is left unexposed."— 7!^ Rock. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony j 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua— - 
Views of Dr. Colenso, &c. By Prof. J. R, Young. Fcap. 5J. cloth. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science; 
and " Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5j. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev, 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5^. cL 

Pictures and Painters. 

THE PICTURE AMA.T¥A5^^ Y^K^\>^<^C>>^ KKB DIC- 
TIONARY OF P AINT'ERS •. K Ooa^^ \ox NS&\\xst^ Xa ^SsSa^a 
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ClockSy Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth Edition, revised and en- 
larged. Limp cloth (No. 67,Weale*s Series), \s, 6d,; cloth bds. 5^. 6d. 

"Thel)est work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. ** — Engineering. 

"The only modem treatise on clock-making." — Horological youmal. 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, 3J. cloth boards. \j%ist published. 

'* In many respects the book is the best that has yet appeared on the subject. We 

cordially recommend li." —English Mechanic. 

' ' The amateur builder will find in this book all that is necessary' to enable him 
personally to construct a perfect organ with his own hands." — Academy. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3^. 6d. cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser. 
" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Dye- Wares and Colours, 

THE MANUAL of COLOURS and DYE-WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J, 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
8vo, 7 J. dd. cloth. \yust published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, 3^. dd. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s, 6d, bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services, Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, cloth, 4/. lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION^ l\s& ^XTK<:l^ 
of FORTRESSES, MILITAKV ^Y^\^C», «c.^ '%:!|SJ^^- 
NOITRING. By Colonel 1. S. lAKCK\i\.KH, \^Na J^^"^^^^^ 
FortiAcation in the R. M. A., >NooVii\Ocv. ^vx.S>s. ^^^^^;^- ^^^^ 
8vo, dotb, with separate Atlas oi \aT\«X^^^\**« wxss^g^^^'^* 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 

use of Banners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela* 
MOTTE. Small 4to, 9^. Elegantly bound, doth antique. 

" The examples of ancient MSS. recommended to the student, which, with much 
^ooA sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as iaiSle.**'~Ath*tueum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8yo, 

oblong, 2J. 6d. ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be yxs/divUL'^-^Athenaum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — Standard. 

MEDIi*:VAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6s, cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containmg Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is, 6d, ornamental wrapper. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s, td, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' puhUcsLtion."— 'A iAemeum, 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Times, F.S.A. Fourth Edition, revised and 
enJarged. WithFronUspVeceaadNvSc^XXft. lTk.^xaalI8vo, 5j. td, doth. 
♦^* This Work hc^ been adopted as a Prtee-boolt in the ScViotJU <if 
j4rt at South JCensingtoiu -. ^* i> -ia— 

•/.Cantons . largeamocyitof «»j«S«l^!^i*g^^^«r?^S^'^^^^'^^ 
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AGRICULTURE, GARDENING, ETC. 

Yottatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. ix. half-bound. 

*• The standard and text-book, with the farmer and grazier.** — Famter*s Magazine. 

** A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History y Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat, 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock ; 
Indications of the Quality, etc. By John Ewart. Cr. 8vo, 5^. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and Provision Trades^ Review. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, byR. Scott Burn. i2mo, \s, cloth boards. 

English Agriculture, 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, 2s. 6d, cloth. 

" a clearly written description of the ordinary routine of English farm-life.** — Land. 
•' A carefully written text-book of Agriculture." — Athenetinn. {Economist. 

" A most comprehensive volume, giving a mass of information. " — Agricultural 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Ecqtvqxsb?^ — 

Cattle, Sheep, and Horses — Matiag,emfiiv\. ol ^^ \i^v^>'^^2^> "^ssSi. 

Poultry— Utilisation of Town SewagI&AtrMga^\o\^^^^• ^««^^^i&w^^ 
. J^ ' ^^^' '«50 pp., half-bound, ptotos^i.^ VSwsJcwJyt^^ }i!±L^ ^Voh 
"There u rofficient stated within the UmxU d ^>* >s«a»aft x» ^p«tw. ^ 
»om goiflg far wrong in any of his opwi.\\oxA,**— OH«rv«r. 
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T/ie Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, Farm Building, Irrigation, 
Drainage, &c. By R. ScoTT BuRN. i2mo, 3J. cloth. 
" A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed tsXaX^^.*'— Journal of Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the O^aniza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, y, 

Mafiagenunt of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6j. 

Hudson s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : behig Tables, 
on a very much improved Plan, for Calculating the Value oi 
Estates, With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, royal 32mo, leather, g^t edges, elastic band, 4/. 

Ewarfs Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, \s. 

Complete Agricultural Surveyor^ s Pocket^Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *js, 6d. 
** We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned.— 
It is most useful as a manual for x^ieteac^.*'— North 0/ England Farmer. 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 3J. cloth boards. [jHtst published. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Third 
Edition, revised. With an Introduction by George Glenny. 4j.c1. 
" The book teaches how to prune and tniLvn. ^t\wx.-\xfc«i to perfection." — Field. , 

Poiaio Culture. 

POTATOES HOW TO G^O^ K^^ ^^Q^ -^^^K^.. K 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, JJ. cloth. 
•' A very good book, and one to be highly recommended as a practical guide. 
The practical directions are excellent" — Atheiueum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2J. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower," — Gardenet's Magazine. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 31. 6</. 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3J. (>d, cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, zs. dd, doth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pmnmg of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2j. dd, cloth. 

Tree Plantings Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
P'lowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3^. dd. 

Market Gardenings Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to **The Garden." Compiled by C. W. Shaw, Editor 
of *' Gardening Illustrated." i2mo, 3^. 6/. cl. bds. \JtiSt published. 

Kitchen Gardening. 

KITCHEN GARDENING MMi^^KS^. ^^^'^>^'^>TU^ 
prepare and lay out the grouxvd, x)cv^ \>e^X. xasaxA ^^ '==t?S!?^'^'«B»v 
known Vegetable and Herb, etc TS^ O.^IV-^'^ • 0\-^^^^* 
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'A Complete Epitome of the Laws 0/ this Country! 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, doth, 
price 6j, &/. (saved at every consultation). • 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 

AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 

LAW, GAME AND FISHERY LAWS, POOR MEN's LAW, THE LAWS OF 



Kankruptcv — Bills of Exchangk — 
Contracts and Agrrements — Copy- 
right—Dower AND DiVORCE^ElBC- 
TioNs AND Registration — Insurance 
— Libel and Slander — Mortgages- 



Settlements— Stock £xcH angePrac- 
TicB— Trade Marks and Patents- 
Trespass, Nuisances, etc — ^Transfbs 
OF Land, etc. — Warranty — Wills 
AND Agreements, etc 



Abo Law for Landlord and Tenant — : — Friendly Societies — Clergymen, Church- 
Master and Servant — Workmen and Ap- wardens — Medical Practitioners, &c. — 
prentices — Heirs, Devisees, and Lega- Bankers — Farmers — Contractors — Stock 



tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward — 
Married Women and Infants — Partners 



and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-Dealers- 
Auctioneers, House-Agents — Innkeepers, 
&c. — Pawnbrokers — Surveyors — Kail- 
ways and Carriers, &c, &c. 



and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 
Vendor — Companies and Associations 

'* No Englishman ought to be without this book." — Engineer. 

** What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution." — BelCs Life. 

" A useful and concise epitome of the law." — Law Magazine, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER»S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C NoRRis. Ro3ral 32mo, doth, 5j. 
" A concise book of reference, containing a clearly>arranged list of prices for 
inventories, a practical guide to determine the value of furniture, %x^^^ —Standard. 

A uctioneering. 

AUCTIONEERS i THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, loj. (yd. cloth. 

" Every auctioneer and valuer ought to possess a copy of this valuable work."— 
House Property. lIron7nong<r. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit, i2mo, Jj. 6d, cloth. 

"We are glad to be able to recommend It."— Builder. 

'• The advice is thoroughly practical."— Z-aw JoumaL 

Metropolitan Rating. 

METROPOLITAN K^T1NG •. ^ SMmmary of the Appeals 
hesLxA before the ComtI oi Oeivet^\ K^^^?src\^x\x. ^Si^^iMSM. ^ ^^st- 
min&itx, in the years 1^71-^0 'mcXxjiWj^. Co\i\iYcCv£\^^.N3«^^s!aBs^ 
of very valuable informaVioti vi\\b. x^s^^Ol \.^ \>afc^>^5{, ^-^v^^- 
i^ys^as and mterwoiA.s T^--.^|^^^^ 
Ac. By Edwakd and A^jo ^yg^^- ^ ^ , 
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WEALE'S SERIES 




The whole are constantly undergoing revision, and n 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as theit excellence is 
assured." — American Littrary Gasilte, 

" Amongst the literature of technical education, WEALE'S Series has eter 
enjoyed a high reputation, and the additions being made by Messrs. Cbosev 
LOCKWOOD Se Co. lender the series even more complete, and bring the infor- 
e present time." — Minitts 
Journal. " 

" It is impossible to do otherwise tban bear testimotiy to the value ol 
WEALE'S Series."— Engineer. 
" Everybody — even that outrageous nuisance ' Every Schoolboy' — knows 
le merits of 'Weale's Rudimentary Series.' Any persons wishing to 
;(]uire knowledge cannot do better than loot through Weale's Series and 
"■' e books they requiro. The Series is indeed ar ~" 



otlil 



■ary w. 



—The J 
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LONDON, 1862. 
THE PRIZE MEDAL 

1 awarded la the Publiahcri of 

"WEALE'S SERIES." 




CROSBY LOCKWOOD & CO., 

7, STATIOMIRS' HALL COURT, 1.UDGR.TE tt.V\A., -USSTraS, 



WEALE S RUDIMENTARY SERIES. 



WEALE^S RUDIMENTART SCIENTIFIC SERIES. 




*J* The volumos of this Scries are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowinpT List it must be understood that the books are bound in 
limp cloth, unloss otherwise stated ; duf the volumes marked 
it'it!: a % may o/io be ht^.d stivngly bound in clofh boards forbd, 
extra. 

JV./'. — /// 'crdrrins^ from this List it is recommended, as a 
f/i,'.///v of faciliiaiinii business and obziiatin^ error, to quote the 
i::i ';:!'. /a ,if/ixtd to the volumes, as well as the titles and prices. 



^o. ARCHITECTURE, BUILDING, ETC. 

lO* ARCHITECTURE— ORDERS— T\it Orders and their Esthetic 

rrinriples. I'.y W. H. Lf.eds. Illustrated, is. 6d. 

17. ARCHJTECTURESTYLES—TYiQ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Prc5?cnt Pcrio<l. lly T. Talbot Bury, F.R.I. B.A., &c. Illustrated. 2s. 
%* Ordfrs and Styles of Architbcture, in One l^ol., zs. dd, 

1 8. ARCHITECTURE— DESIGN— T\iQ Principles of Design in 

Architecture, ns deducible from Nature and exemplified in. the Works of the 

Greek and Gothic Architects. BvE.L.Garbett, Architect. Illustrated. 2s.6d. 

•«• l^ie three precedintr Works, in One ha7idsome Vol.^ half bound, entitled 

" MoDUKN Architecture," frice 6j. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strengfth and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

23. BRICKS AND TILES, Riidimentaiy Treatise on the Manufac 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
DoHSON, M.R.I.B. A. With Additions by C Tomlinson, F.R.S. Illustrated, i%.\ 

25. MASONRY AND STONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bridges, ^nd Roman and Gothic Vaulting, 
arc explained. By Edward Dobson, M.R.I.6.A., &c. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE WORKS, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, Beton, Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.R.I.B.A., 8tc. Fifth Edition, revised, xs. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect. 

Ninth Edition, revised and enlarged. Numerous Illustration?, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, 8cc. By G. R. Burxell, C.E. Twelfth Edition, is. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating T)omestic and Public Buildings, Mines, Lighthouses, 
Ships, 8cc. By Charles Tomlinson, F.R.S. , &c. Illustrated. 3s. 

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. IUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, dr"^. ; Experimental Essays 

on the Principlos of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 

iiS. THE ACOUSTICS OF PUBLIC BUILD nvfG'S; or, The 

Princ7t>les of the Scieivce oi Sound av^Wcei \-o^!^^c\>^^x^Jo^e.^^A^^5X'tO«^^Ke^.■MA 
TAet indicates thai these voU. nta^ ^bej^odstvongly l>onudat^d. extra. 
LONDON : CKOSB^ 1.0C>^>N00T> K^^ ^^^^ 
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Architecture, Building, etc., continued, 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. RiCHARDSOV, Architect. Illustrated, is. 6d. 

128. VITRUVIUS — THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aijekdeen. is. 
*»• The two preceding WorJts t'n One handsome Vol., half bound, entitled "Ancunt 

Architecturb," price 6s. 
132. DWELLING-HOUSESy a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and £sti« 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons*, Plasterers', Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', '.Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCKWOOD 6- CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for 1883, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and ot all Trades connected with Building, &c., &c. 
Revised and Edited by F. 1 . "W. Miller, Architect and Sur\'cyor. 3s. fid. ; 
halt bound, 4s. \Just published, 

182. CARPENTRY AND JOINERY— "^WB. Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E With Additions from the Works of the most 
Recent Authorities, and a IKEATlSE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.| 

182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s.; cloth, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By George Wight- 

wick. Ncw,-Reviscd, and enlarged Edition. By G. Huskisson Guillaubie, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
JProcesses of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8tc., 8cc. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, revised, ss. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 

In Six Sections : General Principles ; Arch Drawing, Cutting, aad Setting ; 
Pointing ; Paving, Tiling, Materials ; Slating ana Plastering ; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Fourth Edition, revised and enlarged. With above 330 
Illustrations. By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

l^ust Published, 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy, 
Second Edition, Revised. 3s.t 

205. THE ART OF LETTER PAINTING MADE EASY, By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, is. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including; 

Church Rbstoratiox. With the Theory ol YioTCL'K& ^axA^'^^^'sftaiC^'TCMM^s^ 
&c. By Sir Edmund Beckett, BaTl.,\A..Ti.,Ci.C.,^ :^.few.^. 'S^ws^^^^^^'^ 
enlarged, 4s. 66,% 

8^^ The t indicates that these vofa. may he had strongVbo^^]:^^!^!^?::,^^!--' 
7> STATIONERS* HA1.1. CO\5^'^> \A3Ti^t^'^^ 1ft^^^'» 
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Architecture, Building, etc., continued. 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
(Construction of various kinds of Engineering and Architectural "Works (A 
i*r.i(tical Iroatise on). "With especial reference to those wrought by Arti- 
ficers in Krecting and Finishing Habitable Structures. By Wyvill J. 
Chrisi V, Architect. With ut warns of 160 Engravings on "Wood, xs.% 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 
(An Elementary Treatise on). Deduced chiefly from the "Works of Robison, 
Ircdifold, and Humber. By E. Wyndham Tarn, M.A., Architect. With 
numerous Illustrations, is. 6d. \yusi published. 

22«>. ELEMENTARY DECORATION : A Guide to the Simpler 
F*»rms of Even-day Art, as applied to the Interior and Exterior Decoration 
ot Dwelling- Houses, 8tc. By Jambs "W. Facky, Jun. Illustrated with 
Sixty-eight explanatory Engravings, principally from Designs by the 
Author. 2s. \_J'usi published. 

230. HANDRAILING (A Practical Treatise on). Showing New and 
.Simple Mrthods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the "Wreath. By George Collings. 
Illustrated with Plates and Diagrams, xs. 6d« l^Just published. 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 

Including a Treatise on Hydrauuc Enginebrino by Geo. R. Burnhll, 

M.Inst.C.E. Sixth Edition, revised, with Large Additions on Recent 

Practice in Civil Engineering, by D. Kinnbar Clark, M.Inst. C.E., 

Author of** Tramways: Iheir Construction," &c. 6s, 6d., Cloth boards. 7s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP^WORK, By John 

George Swindell, A.R.I.B. A. New Edition, by G. R. Burnell, C.E. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 

By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 

atructions on the Science of. By Sir M. Stephenson, C.E. New Edition, 

by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 

Working of Railways in the United Kingdom. By E. D. Chattawav. 4s. 

8o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. as. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s.t 

ti7. SUBTERRANEOUS SURVEYING, an Elementary and Prac 
tical Treatise on. By Thomas Fen wick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modern Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.t 

118. CIVIL ENX^INEERING IN NORTH AMERICA, a Sketch 
of. By David Stevenson, F.R.S.E., 8cc. Plates and Diagrams, is. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts: I. The Art op Constructing Common Roads, by Henry 
Law, C.E., revised by D. K. Clark, CE. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprisin|:: — i. Some of the more Common Forms ol 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 
facture and Distribution of Coal Gas. Originally written by Samuhl 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.t 
213. PIONEER ENGINEERING, K Tx^^Xia^ qxv the Engineering 
Operations connected vnth the ScU\emwit ol'^as\.<i\ATA.'i vck.^^^.w ^ww... 
tnes. By Edward Dobson, A.ssoc. Itvst. C .^. a^. <>^>\ 

lyta t tndtcaies that ihest vols, may he had strongly bound at ^, extra, 

LONDON : CROSBY LOCICNOO^ K^T. CO,, 




WEALE S RUDIMENTARY SERIES. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES^ the Construction of, and other Machinery for Raismg 

Heavy Bodies. By Josbph Glynn, F.R.S. Illustrated, is. 6d, 

34. THE STEAM ENGINE. By Dr, Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged, with numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards. 

\Jusi published, 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to ^vc motion to Turbines, 8cc. By Joseph Glynn, F.R.S. as.J 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. as. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. zs. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

. Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. With copious Receipts, &c. By Walter Graham. 2%.% 

164. MODERN WORKSHOP PRACTICE, as appUed to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated, js.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 28. 6d.4; 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING.. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t- 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.} 

200. FUEL, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. — by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Fran'cis Campin, C.E. xs.t 

217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 2s.| 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. da.X 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burqbss. 2s. Cd.t 

235. PRACTICAL ORGAN BUILDING, By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.J [Just published. 

236. DETAILS OF MACHINERY, Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 
Boiler- Yard. Arranged expressly for the use of Draughtsmen, Students^ 
and Foremen Engineers. By Francis Cku^vs,;C.'^. -j^XNTJ-a^i ■^■ubUs.Vtd., 
THE SMITHY AND ^ORGE ; mcXxs.^x^^'Cw^^'Mxv^x^^^'*^ 



Coach Smithing. By W. 3 . Tg.. Ci^kntl. \\\>ai'&Vc^X.^^» V^J£ 

TAe } tndicaies that these vols, may bcJi^?irongl5[_boiAnda^ 
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weale's rudimentary series. 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli« 
ratiun to Naval Construction. Compiled for the Use of Beginners. By 

iAMbs Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth, 
'oiirth Edition, corrected, with Plates and Diagrams. 3s. 6u.± 
53». SinrS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommir- 
i-Ki.DT, Sur\'eyor of the Royal Norwegian Navy. With an Appendix. 'is.6d. 
53««. AN A TLAS OF ENGRA VINGS to lUostrate the above. Twelve 
larf^f foMint^ plates. Ro)-.al Ato. cloth. 7s. 6d. 

54. AfASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Kudimontary Jro.itisa on. Also Tables of Spars, Rigging, Blocks ; Chain, 
"Wirr, and Ift'inp Ropes, &c., relative to every class of vessels. With an 
Ap])rn(lix of Dimensions of Alasts and Yards of the Royal Navy. By Robert 
Kii'i'iNO, N.A. Fourteenth Edition. Illustrated. 2S.t 

54». IRON SHIP'BUILDING, With Practical Examples and Details 
for the lT»e of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting iMiginccr and Naval Architect. 5th Edition, with Additions, as. 
54*». AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Kditinn. Including the latest Examples, such as H.M. Steam Frigates 
•* Warrior," •'Hercules,^' " Bellcrophon ; " H.M. Troop Ship "Scrapis," 
Iron Floating Dock, &c., &c. Ato, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it oflf. Part II. On 
Finding the Latitude and Longitude. By Jahbs Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals; Uie Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms ; and a lirief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flag^. New, thoroughly revised and much enlarged 
edition. Jiy W. H. Rossbr. 2s. 6d.t 
80. MARINE ENGINES, AND STEAM VESSElS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technicsd 
Terms, and their Plquivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 354 

%lbis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W 
Bland. Seventh Edition, revised,with numerous Illustrations and ModeIs.xs.6d 
99. NAVIGATION AND NAUTICAL ASTRONOMY, ia Theory 
and Practice. By Professor J. R. Young. New Edition, including the 
requisite Kloments from the Nautical Almanac for working the Problems. 
Illustrated. 2s. 6d. {just published. 

ICO*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
YoiNO. IS. 6d. 

106. SHIPS' ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 

1^9. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, &c.. gtc. 
Eleventh Edition, enlarged, with an Apjjcndix. By Robert Kippino, NJV..* 
Sailmaker. Quayside, Newcastle. Illustrated. 2S. 6d.t * 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 

F. M'Carthv, late of the Ordnance Survey Ofl&ce, Southampton, is 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 

^ 5ea-Book. By James Greunwood and W. II. Rosser. Together with 

^^. the requisite Mathematical and Nanl\ca\ TaJaVcs iox VVek'^oxV.vti* o€ the 

-^^r' Prnhlnmc!. Uv Hhnuv "LAW. C.IL.. and. ^. 1^, X0\il40,\0Tme,x\N"^TcA!e&s«« .^ 



Problems. By Henry Law, C.IL., and. ^. 1^, Xo\ii40,\oTTO.e,xV|"^xcfceas»x Ov 

Mathematics in Belfast CoWege. l\\usUa\.cd>N\\>^numwou%^Q^>iLx.^5w. 

/n^s and Coloured Plates. 7s. ^Iton RVy Va\l-\>oun^ xxv\^a\\v^T. 

'im- TAe t mdicaies that these -uoU^m ayhtJ^ad^^ bound at^. extra, 
LONDON : CROSBY 1.0CK^V00I> K^^ CO-, 



WEAi-E'S RUDIMENTARY SERIES. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

FowNES, F.R.S. With aa Appendix on the Application of Chemistxy to 
Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Nattxral Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. i%,% 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science^ and their Applica* 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions bjr R. Sabine, C.E., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 

ToMLiNaOM. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 

Fossil Shells. By Dr. S. P. AVoodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
AVoodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
^S**' PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, 8cc. Translated from the French of D. Van Monckhoven, 
by W. H. Tiiornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By thelate Rev. Robert Main, M.A., F.R.S., 

formerly Radcliflfc Observer at Oxford. Third Edition, revised and cor- 
rected to the Present Time. By William Thynne Lynn, B.A., F.R.A.S., 
formerly of the Royal Observatory, Greenwich. 2s. IJust published. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, ' 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarffod : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TTELEGRAPHY, for the Use of Students, 
by AV. McGregor. First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts. 2s.6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's " Rudiments o» 

174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

Rr formerly Professor of Natural Philosophy and Astronomy in University 

-o. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

^^* V Sold also in Two Paris, as follows :— 

j»j. Animal Physics. By Dr. Laruii^b.. "Pa^^'^M ^>^V'^^:^^^:u^>^l7^Vs?^. •» 

184. Animal Physics. By Dr. Lard^ilr. ^Pax^YL., CV^^^gtV N^:!. ^"* ^^^^ 

The t indicates thai these vols, may he had strongly Wwj^ _^ — 

7, stationers' HAV.!. C0VJK^> V\iTiO^>-'^^ ^^^"^ '' 



W£ALE*S RUDIMENTARY SERIES. 



MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Stm-oyor of Mines, and Thomas Barer, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Socking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD, By Dr. R. H. 

LAMnoRN. Woo<?cuts. 2s. 6d.t 

135. ELECTRO-METALLURGY ; Pracdcally Treated. By Alex- 

ANi>ER Watt, F.K.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, &c. Woodcuts. 2fl.X 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
I72». MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 2^^ Illustrations, drawn to Scale. 4to. 4s. 6d. : cloth boards, 6s. 

176. METALLURGY OF IRON Containmg History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By ^H. Baubrman, F.G.S. 5th Edition, 
revised and enlarged. Ss.t \Just published. 

180. COAL AND COAL MINING, A Rudimentaiy Treatise on. 

By Warinoton W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER'S COM- 

PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Minera' 
Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d4 
214. SLATE AND SLATE ^£/^/?/?y7A^6^, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S-, Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. 3S.t 
2IIJ. THE GOLDSMITirS HANDBOOK, containing full Instnic- 
tions for the Alloying and Working of Gold. By George E. Gee, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 3s. t 

225. THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Workini? of Silver. By George E. Gee. 3s.t 
220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 

ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Survej'or. 2s. 

~ FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Painting. &c. BvGRORnE Pyne. 2«. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&41. GLASS. From the German of Dr. Gessrrt and Emanuel Otto From- 
BKKG. With an Appendix on TuR Art of Enamelling. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spkncbr. js.6d. 
69-71. MUSIC AND THE PIANOFORTE, In one volume. Half 

bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature. 

Painting on Ivor>', Vellum, Potter}', Enamel, Glass. &c. With Historical 

Sketches of the Progress of the Art by Thomas John Guluck, assisted by 

ToHN Times, F.S.A. F©urth Edition, revised and enlarged. 55.* 

1S6. A GRAMMAR OF COLOURING, applied to Decorative 

FaAntme and the Arts. By GEOUGia Y\ii\Aj. "New Edition, enlarged and 

aidsL'pted to the Use of t\ie OmamenlaWaXtvVex ;m^\>es.\^Tv«. ^^ ^uas A. 

Davidson. With two new Co\oureA "DYagtams^^t. -j^.x 
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weale's rudimentary series. 



AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS ^ LOAMY SOILS, By Prof. Donaldson, is. 
131. MILLER'S, MERCHANT'S^ AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millwork, &c. xs. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) ByR. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
'^,* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTOR Y, STR UCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY, Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. Hy George M. F. Glenny. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zait'on of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock; Details of Contract Work; Specialities of Labour, &c., 8cc. 
By Robert Scott Burn. 2s. 6d.T 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2S. 6d.t 
%• Nos. 207 &* 208 tn One Vol., handsomely half-hound, entitled ** Outlines of 
Landed Estates and Farm Management. By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.1: 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 
•«* Nos. 209 &* 210 tn One Vol., hatidsomely half-bound, entitled "The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price sj. 

218. THE HA Y AND STR A W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready- R' ckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. Hy Prof. Iohn Donaldso.v «nd R. Scott Burn, 3s. 6a.t 

231. THE ART OF GRAFTING AND BUDDING, By Charles 

Baliet. With Illustrations. 2s. 6d.:t {Just published. 

232. COTTAGE GARDENING; or, FJowers, Fruits, and Vegetables 

for Small f^ardens. By E. Hobday, is. 6d. [Just Published. 

233. GARDEN RECEIPTS, Edited by Charles W. Quin. is,6d, 

{J7ust published. 

234. THE KITCHEN AND MARKET GARDEN. By Con- 

tributors to "The Garden." Compiled by C. W. Shaw, Editor of " Garden- 
ing Illustrated." 430 pp. 3s. t \^ust published. 

LAND DRAINAGE, in Theoiy and Practice. By Profkssor 
Scott. Illustrated. \Jn the. -j^re^s. 



7'he X indicates that these vols, may be had strongly bound at ^d. extra. 
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iO weale's rudimentary series. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 
32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 
arc concisely Explained. By J. F. Heathbr, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in x voL, Illustrated, is. 6d. 
• «• /// ordering: the aboz'e, he careful fo say, " Original Edition " {No. 32), to distiri' 
guish it from the Enlarged Edition in 3 tmIs, {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the ITse of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. IUkbr, C.E. New Edition, revised by Edward Nugent, C.£. Illus- 
trated with Plates and Diagrams. 2S.t 

(ii*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2S. 6d. tO;^i per acre, and 
I'ablcs for the Valuation of Land, Irom is. to ;^z,oooper acre, and £rom one 
])(ilc to two thousand acres in extent, &c., &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. Mo.NCE. To which is added, a description of the Principles and Practice 
of Isomctrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. IIkathbr, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Mtjdcs of Constructing Figures contained in one Plane and Geometrical Con* 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2S. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Sinijlc I'lane Surface. By J. F. Heather, M.A. [/« preparation. 

*«* jyie above three volumes will form a Complete Elementary Course of 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly faeilitated. By W. Hipslby. 2S. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 

86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

89, and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henky Law, C.E. 2s. 6d4 

*,n* Sold aho separately^ viz. : — "^ 

S8, Euclid, The First Three BooVs. ^^ Yl^^^-i \.knn , CX.. t%. ^. 

Sg. Euclid, Books 4, 5, 6, n. 12. -By ^^^^^ l.KNv,e.-g.. -l^.^ 






WEALE'S rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., cmtinued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry y* in One Volume^ 2S. 6d. ' 

93. MENSURA TION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E , Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSE, F.R.A.S., &c. is. 6d. 

los. MNEMONICAL LESSONS. — GEO^mTKY, Algebra, and 
Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 

PeNYNGTON KlRKMAN, M.A. IS. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments emploj-ed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," 8cc., &c. 
Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By !• F. Heather, M.A. Illustrated, is. 6d. 
\* The above three volumes form, an enlargement of the Author's original rvork. 
" Mathematical Instruments: their Construction , Adjustment, Testing, and Use, 
the Thirteenth Edition of •which is on sale, price is. 6d. {See No. 32 in the Series.) 

j68.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > M J\.. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170../ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapimty and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. 6d.t 

185. THE COMPLETE MEASURER ; setting forUi the Measure* 
ment of Boards, Glass, &c., &c. ; Unequal -sided. Square-sided, Octagonal- 
sided^ Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI 
TIES; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. 4,a.% 

The t indicates that these vols, may be had stronRly bo und at ^. extras 
7, stationers' hall court, TJVJI30KY^ ISWA-- ^•^^ 
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Arithmetic, Geometry, Mathemiatics, etc., continued. 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Ajithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Docitaals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J, K. Young, 
formvly Professor of Mathematics in Belfast College. 3s4 

204. MATHEMATICAL r^^ZJ?^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
]3y Hrnry Law, C.£. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe* 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
T/ONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 

fation, by means of Arithmetical and Simple Algebraical Equations and 
'ractical Examples ; also the l^lethods of Analysing Principles and De* 
ducing Rules and Formula:, applicable to the Requirements of Practice. 
By Fkan'cis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 3s.t iS^usi puiiuitd. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERJIS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGY,ihe FINE ARTS, (s'c. ByToHNWKALE. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus* 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER 
VICES. By David Gibbons. Third Edition, enlarged. i%.% 

112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.t 

ir2«. MANAGEMENT OF HEALTH A Manual of Home and 

Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2S. 
r57. THE EMIGRANTS GUIDE TO NATAL, By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S. 03rd 
Sutherland Highlanders, &c. With 163 Woodcuts. 3s.t ' 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping 

Practical Cookery, Pickling and Preserving, Household Work Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-trewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housekeeper, is 6d 1 

ig4. HOUSE BOOK {The), Comprising:—!. The House Manager. 
112. By an Old Houseke'e^er. 11. "Do^usivc "^\'E.x>\c\i!ra,. ^^ Rauh Gooding, 
^ M.D. III. Management 0¥ Hekliu. ^^ "iKMx.^ ^Kxwi. ^.-c.^Ti-t'^^V^ 
strongly half-bound. 6s. 
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EDUCATIONAL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. Bj 
William Douglas Hamilton, F.S.A., of Her Majesty's Pq^lic Record 
Ofl&ce. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvien, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, ot Balliol College, Oxford. Map, 2s. 6d. ; cl.bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use ot 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, is. 6d. 
II*. Philology ; Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hywb Clarke, D.C.I.. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, xs. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si)anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

57. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster. 2S. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3^/. 



s. d. 

First Standard . .06 
Second „ . . o zo 

Third „ ..10 



f. d. 
Fourth Standard . . . « a 
Fifth „ ... 1 6 

Sixtlvv „ , * - ^ ^ 

Lkssoxs from THE Bible. Patil. 0\^Tes\.a.wiCT\\,. "^'^* vc c>cv >s. -sASsk 
I^nssoas from the Bible. Part 11. "^^^ '^^^'^^^^^^i^vcS^-Sr ^^^^'^^^ 
The Geography of the Bible, iot nct^ ^o>wvO-^^^Z^q;p^^^ 

rnoRVTON For ster. xs.^A^ / Or tV^T^^ ^Z^^!^^^-- — ^' 

7, STATIONERfiMlATXr C0\31tT, l.T31^0KT^ ^^^^^ 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Gf nil*^rs of French Nouns. liy G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

N(!\v Terms xi'^vd in Knginccring, Mining-, &c. By Alfrbd Elwbs. is. 6d. 

2O. Englisi'.-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in OneVol., 3s. ; 
chith li ar '«?, 3^. C<\. \* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 

ihu foiy I.^ssoHo, v.ith Translations, several Vocabularies of Words, a Col* 
1. ( tion of siiit.i''h; Phrases, and liasy Familiar Dialogues, is. 6d. 

GERMAN. 

30. German Grammar. Adapted for English Students, from 
llcysp's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 
most approved Authors of Germany; tvith Notes, Philological and Ex- 
pl.matory. liy G. L. Strauss, Ph.D. is. 

} I -45. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In 'ITiree Parts. Part I. German -French- English. 
Part II. Knijlish- German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

i 39. Grammar (No. 30), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. J 5y Alfred Er.WBS. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Noims arc carefully noted down. By Alfred Elwbs. 
Vol.1. Itallan-English-Frcnch. 2S. 6d. 

30. Italian Triglot Dictionary, By A. Elwks. Vol. 2. 

Enplish-Frcnch-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, 8ic., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. *#* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Granamar, in a Simple and Practical Form. 

AVith a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

___^__ [/«. fAe press. 

HEBREW. 

46*. Hebre-w Grammar, By Dr. Bresslau. is. 6d. 
4^, Hebre-w and English Dictionary, Biblical and Rabbinical; 

contafninfi- the Hebrew and CV\a\dee Roots of the Old Testament Post- 
Kabbinical Writings. By "Dr. Bkess\a\3. ^^. ^ ^ ^ 

46. JEnglish and Hebrew r>Vc\VoTvarv.^^;^\'^^'Si^^^^ >. 

^4^. Hebrew Dictionanr ^as a\.0N(.V^^'^^^^^*-^^^^^^^^^ 
46; the Grammar, cloth boards, las. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 
22. English-Latin Dict.ionary ; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Tho.mas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 

clotli boards, 4s. 6d. \* Or with the GRAMMAR, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 
I. Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d. 

s. Caesaris Commentarii deBello Gallico. Notes, and a Geographical 
Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius N epos. With Notes. By H.Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

Mcs by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis -^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. "With copious Addi- 
tional Notes by Rev. T. H. L. Lbarv, D.C.L., formerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. Jiooks i.— vi., is. 6J. 

g** Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Sseculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W, Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is, 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2S. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 

13. Giceronis Orationes in Catilinam, Verrem, et pro Archia. 

AVith Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbarv, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Giceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
i6*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi.,xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella., Vittuvvas^ 

Seneca, Quintilian, Florus, YeWcWs Pa\.exe\3\>\s,N^erv^^"^"axNm»& 'S»>a^^ 
n/us, Apuleius, &c. Notes by \V.B.X>0'S^u,"^\.^.. ^"s. ^ 

^/. Juvenalis Satirse. WiOi PtoVe^ometv-a. ^^ ;^^\^^ ^\7- 

EscoTT, B.A., Lecturer on Logic af&Atvs^s CoWe^ ^.^S^^^^^^^^ JlJ 
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GREEK. 

14. Greek Graxi(iTnar» in accordance with the PrinciplciKind Phtlo- 
lof^cal Rotearcbes of tlie most eminent Scholars of our own day.' iJy Haxs 
Clauds Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. i. Greek- English, 2s. 6d. ; Vol. 2. English-Greek, 2s. Oi 
the Two Voli. in One; 4s. 6d. : cloth boards, 5s. 

14.15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary', by John 
Hutchison, M.A., of the High School, Glasgow, xs. 6d. 

2. 3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
xs. Part 2. Books iv. to vii., xs. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, xs. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory^, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbarv, M.A., D.C.L. 

Tub Iliad : Part x. Books i. to vi., xs.6d. Part 3. Books xiii. to xviii., is. 6d. 

I*art 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 

Tub Ooymey : Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues: The Apology of Socrates, the Crito, and 
the Phasdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davies, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 



With Preliminary Observations and Appendices, and Notes, Critical and 
_ . T. H. - - ■■ " 

Part 2. Books iii., iv. (The Thalia and Melpomene), as. 



Explanatory, bv T. H. L. Lbarv, M.A., D.C.L. 

Part X. Books i., ii. (The Clio and Euterpe), 2S. 



Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 
18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 
20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. Johm Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, 'by W. Brownrigg Smith, 
M.A., F.R.G.S. is. 6d. 

26. Euripides! Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. ^Eschylus : Prometheus v inctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. Jamhs Davibs, M.A. is. 

32. .^schylus : Septem Contra Tliebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Daviks, M.A. xs. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 
-AVbise. With Notes, by C. S. T. Townshend, M.A. xs. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. • // 

42, Xenophon's Paneg;YTt^ic oxv K^^?\\aMa, Notes and Intro// 

^^' wftfE^'n^^'ll^h No^ ^B^^^^^ 

Brasoaose College. Oxford, xs. ^» : ^ . 
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